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SECTION I

INTRODUCTION

The material presented in this energy management work book contains
all the necessary documentation required for:

• Recording present energy usage

• Recording present energy cost

• Recordinging production statistics

• Calculation of present plant efficiency

• Construction of electric load profiles

• Equipment data recording

Equipped with the above recorded data and the mathematicalmodels
presented in Section II of this work book, a foundry energy manager can
calculate potential energy savings associated with installation of
energy-saving devices on:

• Gas-fired melt furnaces

• Electricmeltfurnaces
• Heat treat furnaces

• Gas ladle preheating

• Coke-fired cupolas

An economic analysis can be made to determine the cost effective-
ness of the proposed equipment modifications. The methodology for com-
puting the payback period is shown in Section II. If the simple payback
method shows unfavorable results, a more in-depth economic analysis
should be made utilizing the life-cycle cost principals. This method
takes into account, cost of money, energy escalation costs, equipment
depreciation, tax credits, etc. Life-cycle costing will give results
pertaining to rate of return on investment.

®
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PART A

ENERGY USE TABLES AND PRODUCTION STATISTICS
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ELECTRICAL POWER USAGE

FUEL
BILLING POWER ENERGY ADJUSTMENT* DEMAND GROSS

BILLINGPERIOD ENERGYKWH DEMAND FACTOR CHARGE CHARGE i CHARGE BILL NET BILL
i

JANUARY

FEBRUARY
I

MARCH
i

APRIL
I

MAY
l

JUNE
i

JULY

AUGUST

SEPTEMBER

OCTOBER Q_/
NOVEMBER

DECEMBER

TOTALS

AVERAGEPOWERCOST $ = $ /_!H
KWH

REMARKS:

TABLE I
I
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O
ANNUAL GAS CONSUMPTION

PERIOD THERMS BTUX 106 COST

TOTALS

HEAT CONTENTOF GAS = BTU/CU FT (FROM BILL)

100,000 BTU = 1 THERM

COSTOFGAS= $ = $ PERTHERM
THERMS

REMARKS:

D

TABLE 2
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e
ANNUAL COKE CONSUMPTION

PERIOD TONS BTUX 106 COST

TOTALS

AVERAGECOSTOFCOKE= $ : $ PERTON
TONS

l LB. OF COKE = 12,500 BTU

REMARKS:

e

TABLE 3
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II
ANNUAL OIL CONSUMPTION

PERIOD GALLONS BTUX 106 COST

TOTALS

AVERAGECOSTOFOIL = $ = $ PERGALLON
GALLONS

REMARKS:

TAB LE 4
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ANNUAL PROPANECONSUMPTION

PERIOD GALLONS BTUX 106 COST

TOTALS

REMARKS:

0

TABLE 5
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O ANNUALPRODUCTION

YEAR METALCAST

i

PERIOD MELTTONS SHIPPEDTONS HEATTREATTONS SALESVALUE
!

JANUARY

FEBRUARY

MARCH

APRIL J
I

MAY

JUNE

JULY

AUGUST

;_ SEPTEMBER
OCTOBER

NOVEMBER

DECEMBER

l
TOTALS

AVERAGEMELTTONS/DAY:

REPORTED% SCRAP

REPORTED% MELT LOSS

AVERAGE FOUNDRYYIELD %

TABLE 6
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PLANT EQUIPMENT HORSEPOWER LIST

I I ! OPERATION I J I
EQUII_,IENT i TYPE CAPACITY IHRS/DAYIDAYS/MO H.P. i KW SERVICE

i _ r I i i

I I i , i

! I I

i
I t J I

I I I

I I i I

I I I

I

| I i i I _/

I I |

t

I I |

r [ 1 i

f
i i I i

i ,
, i
I I ' I

I ! J

I I I

I I I

I I I

i i
I I I

TABLE 7
P
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0
DESCRIPTION AND FLOW P,ATES OF GAS-FIRED EQUIPMENTi

i

BURNERS OPERATION
.AVERAGE MAXIMUM

EQUIPMENT TYPE NO. TYPE HRS/DAY DAYS/MO CFH CFH
i i |

i !

! !

, i

I
, I i

TOTALS i
! I

i i • I.

TABLE 8
i IW
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PRESENT ENERGY-EFFICIeNCY RECORD QI

MONTH OR YEAR RECORDED

UNITS OF PRODUCTION

FUEL COSTS

• Electricity $

• NaturalGas

• Propane

• Oil

• Coke

• Other

TOTAL

ENERGY USED

• KWH x 3,412 Btu = Btu x 106

• Mcf Gas x I_/

• Gal. Propane x 91,600 Btu =

Gal. Oil x 140,000 Btu =

• Coke - lb. x 12,500Btu = "

TOTAL BTU

ENERGY USED PER UNIT OF PRODUCTION

Million Btu) = Btu x 106/Ton
Units)

COST PER MILLION BTU

(EnerqyCost) = Cost/Btu x IO6
(Million Btu)

COST PER UNIT OF PRODUCTION

Total Cost) = Cost/Unit
Units)

1J 1Mcf = 1,000 cu.ft./hr - See Gas B111 for Btu conten¢/cu.ft.

e

TABLE 9
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POTENTIALENERGY-EFFICIENCYRECORD

MONTH OR YEAR RECORDED

U_ITS OF PRODUCTION

FUEL COSTS

• Electricity $

• NaturalGas

• Propane

• 0i1

• Coke

• Other

TOTAL

ENERGY USED

• KWH x 3,412 Btu = Btu x 106

• Mcf Gas x I_/

• Gal. Propane x 91,600 Btu =

" Gal. Oil x 140,000 Btu =

• Coke- lb. x 12,500Btu =

TOTAL BTU

ENERGY USED PER UNIT OF PRODUCTION

(MillionBtu) Btu x 106/Ton
(Units)

COST PER MILLION BTU

Energy Cost) = Cost/Btu x lO6
Million Btu)

COST PER UNIT OF PRODUCTION

Total CostI Cost/Unit
Units)

I/ l Mcf = l,OOO cu.ft./hr - See Gas Bill for Btu content/cu.ft.

TABLE 10
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PART B

OPERATIONAL DATA FACT SHEETS
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OPERATIONALDATA FACT SHEET

ARC FURNACEDATA

Furnacemake ElectrodeDia. inches

Model Transformer KVA

ShellDia. FEETPrimary Volt

Depth INCHESTapsist Volt

Capacity. TONS 2nd Volt
3rd Volt

Output Tons/YR

Alloy

Meltcycle minutes

Heatsize tons

Heats per day

Tapingtemperature
O F

No. of Back changes

No. of slag cycles

Blowdown cycles02 minutes
C minutes

Type of fume collection:

Furnacepressure oz

Exhaust CFM

WaterCooling GPM

Roof ,Glan ,SlagDonr ,Basel ,

Watertemperaturein OF,out of

Type of refractory lining.

REMARKS:

j

TABLE 1
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OPERATIONALDATAFACTSHEET _

CORELESS INDUCTION FURNACE

Furnacemake TransformerKVA

Model PrimaryVoltage

Capacity SecondaryVoltage

Output tons/yr.

tons/day

Alloy

Meltcycle minutes

TapQuantity Ibs.

ChargeQuantit_ Ibs.

Taptemperature OF

Holdingtemperature OF

Slagcycle minutes

Fumecollection CFM

Water cooling ....GPM, Temp ......... in OF ....... Out OF

Type of Refractory

Energy consumption KWH/YR

Energy Cost _/KW -

REMARKS:

6

TABLE 2

Employee 
 



OPERATIONALDATA FACT SHEET

GAS MELT FURNACEDATA

Metal type: Annual tons

Pouringor tap temperature °F

Heat contentBtu/Ib Shifts/day

Meltingperiodhrs. Holdingperiodhrs.

METHODOFMELTING CRUCIBLE REVERB

Metal melted/hr.lbs.

Burner rating Btu/hr

Total gas usage/hr

Capacity of furnace Ibs.

Crucible diameter

Area of metal radiation sq.ft.

Area of refractory wall:

Below metal

Abovemetal
Thickness of wall

Door open area or dip well sq.ft.

Mean temperature of walls °F

Outer temperature of walls Tl

Inner temperature of walls T2

Present refractory K value

Proposed refractory K value

Rs value for refractory

C02 flue gas reading

Combustion air cfm

Combustion air wg

Flue gas (or comb.) temperature

Ambient temperature °F

Time of day used

Days/yearused

Energycost/them $

TABLE 3
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OPERATIONALDATA FACT SHEET

HEAT TREATING UNIT NO.

FURNACEMAKE BURNERMAKE

MODEL MODEL

SIZE WFT. TYPE SIZE BTU/HR

CARACITY LBS. FUEL

TYPEOFLINING RECUPERATORMAKE

WALLTHICKNESS INCH MODEL TEMP °F

BLOWERMAKE TYPE SIZE

MODEL CONTROLSMAKE

SIZE CFM.PRESS "WG TYPE

VOLT HP

TYPEOFHEATTREATCYCLE ALLOY

HEAT TREAT CYCLE - HEATUP HRS FUEL/AIR RATIO
HIGH LOW

- SOAK HRS FLUETEMPERATURE °F °F

-COOL DOWN HRS
SHELL r4EANTEMPERATURE °F

CYCLES PER WEEK j-
FURNACEPRESSURE "WC _,_

TEMPERATURE °F

AVERAGELOAD LBS

FLUE ANALYSIS(HIGH) % CO
CASTING LBS

% 02BASKETS LBS

% CO2STOOLS LBS
LOW % CO

LOAD DENSITY LBS/WFT

% 02
QUENCH AIR, H20 OIL

% CO2QUENCH TEMPERATURE °F

FUEL CONSUMPTION THE_S/CYCLE

WALL AREA SQ.FT.

WALL TEMPERATUREHOT FACE TI °F

WALL TEMPERATURECOLD FACE T2 °F

AMBIENTTEMPERATURE °F

EXTERNALSURFACEAREA SQ.FT.

ENERGY COST/THERM $

HEAT TREAT LOADS/OAY Q__F
HEAT TREAT LOADS/YEAR

TABLE 4
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OPERATIONALDATA FACT SHEET

BURN-OUT FURNACES

I

FUR;_ACE:_AKE BURNER flAKE

,'I,0OEL NO. OF BURNERS

SIZE TYPE SIZE __ BTU/HR

CAPACITY LBS. FUEL

I TYPE OF LI,_JING AFTER BURNER NAIVE

MODEL
EXHAUST

,BLO'._ER_AKE TYPE SIZE

NODEL OPERATIrIGHOURS

SIZE CF_'I.PRESS "WG MAIN BURNER

VOLT HP AFTERBURNER

i I TYPE OF FURNACECYCLE N/A i I

FUR;IACECYCLE - HEATUP ;IRS FUEL/AIR RATIO
HIGH LOW

- SOAK HRS FLUETErlPERATURE °F °F

CYCLESPERWEEK FURNACEPRESSURE

TEr;PERATURE CO2 INFLUEGAS

LOAD DENSITY - FUEL CONSUFIPTION__ Therms/Day

I ,I

REI-_ARKS:

I

TABLE 5
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OPERATIONALDATAFACTSHEET 0

LADLE PREHEAT DATA

LADLE CAP TONS HEAT CYCLES/DAY

LADLEAREA INSIDE SQ FT. LININGTHICKNESS

COVERED TYPEOFLINING

INSIDETEMP OF OUTERSHELLTEMP OF

AMBIENTTEMP OF

GAS USAGE/HR CU FT. CO2 READING

COMBUSTIONAIR CFM PRESSURE WG

PREHEATCYCLETIME HRS FLUETEMP OF

REFRACTORYK VALUE RS VALUE

BLOWERHP RECUPERATOREFFCY

FUEL COST/THERM$ ANNUAL USE BTU x IO6

NUMBER OF UNITS IN USE

REMARKS:

TABLE 6
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OPERATIONALDATAFACTSHEET

CUPOLADATA

CUPOLADIA SHELL INS REFRACTORYTHICKNESS

LINING INS WATERCOOLINGGPM

HEIGHTOFTUYERESABOVEHEARTH INS

LAUNDERLENGTH WIDTH

METALTOCOKERATIO BEDCOKE LBS

MELTRATE TPH COKEADDITION/HR LBS

BLASTRATE CFMPRESSURE ONZ

NUMBEROF ROWSOFTUYERES SPACING

COOLINGWATERUSAGE GPMTI - T2 OF
FANHP MISC,HP

HOTBLASTTEMP OF RECUPERATORCAP BTU/HR

AFTERBURNERRATINGBTU/HR

OXYGENENRICHMENTPERCENTADDITION %

MELTINGPERIOD; BLASTON BLASTOFF

COKEBREEZEADDITIONIPERCENTOFCOKE %

ANTHRACITEADDITION,PERCENTOFCOKE %

REMARKS:

0

TABLE 7
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OPERATIONALDATAFACTSHEET _

HEAT TREAT FURNACES (ELECTRIC)

FURNACEFtAKE MODEL

SIZE INSIDE OUTSIDE

CAPACITY LBS. TYPE

WALL THICKNESS TEMP. RANGE OF

HEATINGELEMENT VOLTS AMPS kW

HEATTREATCYCLE HEAT-UP HRS

SOAK HRS

COOLDOWN HRS

CYCLESPERWEEK _

ELECTRICALCONSUMPTION KWH/CYCLE

REMARKS:

C

TABLE B
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OPERATIONALDATAFACTSHEET

GAS-FIRED SCRAP PREHEAT

METALTYPE DENSITY LBS/CU.FT.

PREHEATTEMPERATURE OF. CYCLE HRS

MELTINGCAPACITY TONS/DAY. MELTRATE TONS/HR

FUEL AVAILABLEFOR PREHEAT COST/THERM

CHARGESIZE/WEIGHTPERBATCH LBS

PREHEATBURNERRATINGBTU/HR

_ C02 FLUE GAS READING TEMPERATURE °F

COMBUSTIONAIRCFM PRESSURE WG

AMBIENTTEMPERATURE TIMEOF DAY USED

SHIFTS PERDAY DAYS/YEAR

REMARKS:

TABLE 9
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SECTIONII
INTRODUCTION

This section provides all necessary charts, graphs, tables, and
mathematical formula for the development of energy savings in quantative
form for:

• Electric power and cost savings relative to the melting of metal
in all available types of furnaces. By utilizing hypothetical
mathematical models it will be shown how to cut energy cost
and/orconsumptionby improvingpower factors,installingdemand
limit controls, changing to "off-peak" melting and demand shift-
ing.

• Gas energy reduction relative to melting, heat treating, and
ladle preheating. By utilizing hypothetical mathematical models
it will be shown how to reduceenergy cost and/orconsumptionby
improving combustion efficiencies, installation of ceramic fiber
lining, installation of covers, and adding combustion air pre-

heating. ("

• Reduction of coke usage in cupola melting by upgrading equipment
such as adding hot blast via stack gas recuperation divided
blast and oxygen enrichment. Also shown is the comparative
energy usage for cupola versus electric melting.

(
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PART A

ELECTRICMELTING

GENERAL

As stated previously in Section l of this report, approximately 34%
of the total energy inpuL (all fuels) to a typical steel foundry is in
the form of electricity,of this 34_ approximately60% is attributedto
the melting of metal. This section deals with energy and cost savings in
electric melting operations and covers the following areas.

• Furnace operation

• Energy usage

• Demand

• Demand control

• Off-peak melting

• Demand shifting

• Power factor correction

INPUT DATA

The required input data needed to analyze present melting oper-
ations, from the standpoint of energy consumption is:

• Electric utility bills for the past twelve months

• Kilowatt demand load profile

• Rate schedule for summer and winter "Time of Day" billing

The electric energy usage for 1979 calendar year is shown in
Table 1. The kilowatt demand load profile covers a period of 48 hours
and represents an electrical demand requirement for electric melting
(See Figure 1). The load profile was developed from the kilowatt demand
printout (See Table 2). From"Table 2, it should be noted that the
kilowatt demand for each five-minute interval for each 24-hour period is
listed.

K & G
A-1 El
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TABLE1. ELECTRICALPOWERUSAGE ¢

FUEL $

BILLING POWER ENERGY ADJUSTMENT DEMAND GROSS
BILLING PERIOD ENERGY KWH DEMAND FACTOR CHARGE CHARGE CHARGE BILL NET BILL

JANUARY1979 376,800 2,291 .97 11,570 (638) 5,394 17,602 16,964.00

FEBRUARY 1979 386,400 2,255 .98 10,757 (647) 5,318 16,722 16,075.00

MARCH1979 367,200 2,279 .99 10,136 (648) 5,361 16,145 15,497.00

APRIL 1979 415,200 N/A N/A N/A N/A N/A _/A 16,728.00

MAY 1979 376,800 2,266 .98 I0,443 (548) 5,341 16,332 15,784.00

JUNE 1979 376,800 N/A N/A N/A N/A N/A N/A 15,900.00

JULY 1979 228,000 2,281 .98 6,646 (450) 5,373 12,469 12,019.00

AUGUST1979 384,000 2,262 .99 10,748 (476) 5,333 16,557 16,081.00

SEPTEMBER 1979 434,400 2,404 .99 12,117 (509) 5,634 18,260 17,751.00

OCTOBER1979 432,000 2,443 .98 12,650 (505) 5,7]7 18,872 18,367.00

NOVEMBER 1979 468,000 2,500 .98 14,149 (SZI) 5,838 20,508 19,987.00

DECEMBER 1979 427,200 N/A .99 N/A (256) N/A 15,029 14,772.00

TOTALS 4,672,800 I$195,925.00

230
220.

210.
200.

190.
180.

170- ]

160-

150-

:,<

100

90

80

70

80

40.

30.

I0-

12:00 4:00 B:00 NOOR 4:00 8:rJO 12:00 4:GO:,8:00 NOON 4:00 8:00 12:OO
All AM AM PPI R',I N4 AM K4 PH PH _1

FIGURE I. ELECTRICALLOAD TABLES (
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TABLE 2. KILOWATT DEMAND PRINTOUT

StartTime
12:05am
Col umn

INIVILJPION TU| rV/L i_lON TU! IHTVAL _qgN TU[ INIVAL FlOW TQE INIVAL i4ON TUE INTV&L TUI

|NDING 4-17 *-II i05)IHG4-8_ 4"l_ LMDIHGI0512794"074-0892* ENDINGI21521784"17*-l|468 _NO|NQIil54"171.2 *-I8912 IMOINQ_Ol5_P_'IT 4.ll
I5 _1O _ : 810 1231 943 1210 2112 ,60 1610 837 698 2|1|II _15 115 1269 $00 1215 21*8 45S 161S 78Z 532 ZOl5
15 bZ0 _ _ 82| 1324 9;2 122| 21'8 5_0 1620 5O8 5]5 2020
10 bZ5 825 1151 113' 1225 2102 621 1625 244 535 ZOZ5
25 13I _ _ 830 1365 1381 1230 2137 756 1630 6_ 532 2030)i b35 835 1392 1567 lZ_5 20_3 1053 1635 zl 424 2035
35 L*I _ _ I_0 1510 15I_ 1Z*O 1952 1.Ol ]6.0 372 21.1
4e b*5 8*5 1533 1533 12,5 1951 1704 16¢5 334 2045
• s _so _ _ asi 1579 1478 I25O _107 ]756 1650 3*0 205i50 155 855 1624 13_6 1255 2088 |7_2 1655 3*5 z055
55 }IO _ _ _lo 170_ 12_4 1308 2668 1_19 171o 3_1 210I
1Of SO5 4 l 905 177_ I027 1305 z055 1668 ]?05 $25 2115
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LOAD PROFILE DEVELOPMENT

Foundrieswith a separateelectricalserviceto their melting fur-
naces can develop their own in-house kilowatt load profile in the fol-
lowing manner. Prepare a chart, using graph paper with one-tenth of an
inch/toone inch divisions,recordingtime along abscissaaxis and kilo-
watt demand along ordinate axis. Along the abscissa axis set out the
"time of day" billing hours. Setting up the graph in this manner will
indicateif the high kilowattdemandsare occurringduring the "on peak"
hours (See Figure 2). From the kilowatt demand printout, record the
thirty minute k_'lowattdemands for chosen time periods. When all 30-
minute kilowatt demands have been recorded, connect all points to obtain
profile of load. The procedure for developing a winter kilowatt load
profile is the same as "summer", but the "time of day" billing hours
change (See Figure 3).

Foundries that are not provided with a kilowatt demand printout for
their electric melting operation or have only one electrical service for
both melting and general plant service will need to install submetering
of the service feeders.
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Using a three-phasetap-typerecording ammeter and a clip on type
power factormeter the necessarydata can be obtained to find the kilo- il_
watt demand.

Example

If the ammeter recorded 400 amperes with a 0.80 power factor the
kilowattswould be as follows:

I x E x 1.73 x PF
1000

400 x 480 x 1.73 x .80 = 265 kilowatts
1000

From the above reading the kilowatt load profile can be developed.

¢
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OFF-PEAKMETAL t4ZLTING _

Utilizing"off-peak"hours for metal melting,substantialcost sav-
ings can be realizedby loweringthe demand and energy charges.

Figure4 illustratesa total demandloadof 2,300kilowatts,of this
amount approximately 59% or 1,357 kW is attributed to melting of metal,
the remainder is base plant electrical load.

The following sample calculationsillustratethe electrical cost
for demand, energy and fuel adjustment charges for melting in on-peak and
off-peak hours.

1,357 KILOWATTS

/_ OF MELTINGLOAD

SHIFTED TO NIGHT
250 MELTING

240

230

220

210

200.

190 (180

170

160

150

140

130

120

IO/ x 10 110.

100.

90.

80.

70.

60.
50.

40.
30.
20.

10.

IZ 4 8 NOON 4 12 4 8 NOON 4 8 12
AM AM AM

FIGURE 4.
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SAMPLE CALCULATION(0n-PeakPeriod)

Demand Charges:

On-peakper kilowattof maximum demand

Total on-peak1369 kW at $2.50 $ 3,422

Plus "partial peak" per kilowatt of maxim_ demand

Totalpartialpeak1363kW at $0.30 $ 408

Plus off-peak, per kilowatt of maximum demand

Total off-peak1358 kW no charge $ 0

Subtotal
$ 3,830

Energy Charges:

On-peak,per kilowatthour: 12:30pmto

6:30pro4-5hrs/day

Total kilowatthours 98,571 x ¢0.022/kwh $ 2,168

Partialpeak,per kilowatthour: 8:30amto

I2:30pmand 6:30proto 10:30pro8hrs/day

Total kilowatthours 145,135x ¢0.019/kWh $ 2,757

Off-peak,per kilowatthour: lO:30pmto

8:30a_ lOhrs/day

Total kilowatthours 183,875x ¢O.010/kwh $ 1,839

Subtotal $ 6,764

Fuel AdjustmentCharges:

Total kilowatthours = 427,582x 0.04063 $ 17,372

Grand total for (demand,energy and fuel
adjustmentcharges) $ 27,966

Above calculationsare based on normal day shift working hours and
summer "time of day" billing rates for a 30-day period. Figures are
abstractedfrom power companymeteredprint-outs.

O

_KaG A-7 []

Employee 
 



Off-PeakMeltin_

Denand Charges:

"On-peak" per kilowatt of maximum demand

Totalon-peaknoneat$2.50 $ 0

Plus "partial peak" per kilowatt of maximum demand

Totalpartialpeaknoneat$0.30 $ 0

Plus "off-peak" per kilowatt of maximum demand

Totaloff-peak1239atnocharge $ 0

Subtotal $ 0

Ener_y Charge:

"On-peak",per kilowatthour: 12:30pmto 6:30pm 6hrs/day

Total kilowatthours none x ¢O.022/kwh $ 0

"Partialpeak"kilowatthours:8:30amto 12:30pm
and 6:30pm to lO:30pm8hrs/day

Total kilowatthours none x ¢O.Ol9/kwh $ 0

"Off-peak"kilowatthours: lO:30pmto 8:30am lOhrs/day

Total kilowatthours 427,582x ¢O.OlO/kwh $ 4,275

Subtotal $4,275

Fuel Adjustment Char_es:

Totalkilowatthours= 427,581x ¢0.04063 $17,372

Grand total for (demand, energy and fuel adjustment
charges) $21,647

Potential cost savings by shifting to off-peak melting would be
$27,966 - $21,647 = $6,319 or 22.5% savings for the 30-day period.

t
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DEMANDSHIFTING ANDDEMANDCONTROL

If night melting is not possible,demand shifting and controlwill
permitmetal melting during normal "on-peaku day time hours and still
save substantialcosts. Demandshiftingwill extendthe meltingperiod;
this permitsthe sequentialoperationof the furnaces,therebyreducing
the peak maximum demand.

With uncontrolledoperation, large kilowattdemands are developed
which produces low demand factors and low efficiency of power usage.
Figure5 is representativeof an uncontrolledoperation of power input
to severalfurnaces. Figure6, indicateshow the kilowattdemand can be
reducedby extendingthe hoursof meltingoperations,the demand limit is
set at 1,700 kilowatts. The sample calculationsillustratethe poten-
tial cost savingsif demandshiftingand controlis utilized. To insure
completecontrolof a set maximumdemand,an automaticdemand controller
should be installed,this controllerautomaticallyregulatesor limits
operationin order to preventa set maximum demand from being exceeded.
With the monitored information,the controller can calculate when an
overloadof the set demand will occur. The controller will delay any
shed action to allow time for loads to shed normally. When it is
determinedthat it will be necessaryto shed one or more loads to keep
from exceeding the set kilowatt demand, the controller will shed the
necessaryload. This means that sheddingwill occur only once during a
demand intervaland maximum use of availablepower will be realized.

240
230

220

210,

200
190

180
170
160

'_ 150,

% 140
4-J

130
120'
110
100.

90.

80
70
60,

U

I.u

FIGURE 5. ELECTRICALLOAD PROFILE (UNCONTROLLED)
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DEMANDPEAKS ,
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FIGURE 6. ELECTRICALLOAD PROFILE (CONTROLLED)
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Sample Calculations(UncontrolledOperation)

Demand Charges:

"On peak" per kilowatt of maximum demand

Totalon peak1,033kw at $2.50 $ 2,507

Plus partial peak per kilowatt of maximum demand

Totalpartialpeak998 kw at $0.30 $ 299

Plus "off-peak" per kilowatt of maximum demand

Totaloff-peak994kwno charge $ 0

Subtotal $ 2,806

Energy Charge:

"On peak", per kilowatt hour: 12:30pmto

6:30pm 6 hrs/day

O Total kilowatthours 98,571 x ¢0.022/kwh $ 2,168

"Partial peak" kilowatt hour: 8:30am to

12:30pmand 6:30pm to 10:30pm8hrs/day

Total kilowatthours 145,135x ¢0.019/kwh $ 2,757

"0ff-peak" per kilowatt hour: 10:30pm to

8:30am 10hrs/day

Total kilowatthours 183,875x¢0.010/kwh $ 1,839

Subtotal $ 6,764

Fuel AdjustmentCharges:

Totalkilowatthours= 427,582x 0.04063 $ 17,372

Grand total for (demand, energy and fuel

adjustmentcharges) $ 26,942
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Sample Calculations(ControlledOperation)

¢
DemandCharges:

"On peak" per kilowatt of maximum demand

Total on peak none kw at $2.50 $ 0

Plus partialpeak per kilowattof maximumdemand

Total partialpeak 998 kw at $0.30 $ 299

Plus "off-peak"per kilowattof maximumdemand

Totaloff-peak994kw no charge $ 0

Subtotal $ 299

Energy Charge:

"On peak", per kilowatthour: 12:30pmto

6:30pm6 hrs/day

Total kilowatthours none x ¢0.022/kwh $ 0 (

"Partialpeak" kilowatthour: 8:30am to

12:30pmand 6:30pm to 10:30pm8hrs/day

Total kilowatthours 145,135x ¢0.019/kwh $ 2,757

"0ff-peak"per kilowatthour: 10:30pmto

8:30am 10hrs/day

Total kilowatthours 282,446x ¢0.010/kwh $ 2,824

Subtotal $ 5,581

Fuel AdjustmentCharges:

Total kilowatt hours = 427,582x 0.04063 $ 17,372

Grand total for (demand,energy and fuel

adjustmentcharges) $ 23,252

t
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r,_ DEMANDCONTROL

With a power demand controllerinstalledon the power s_tem supply
to the furnaces,maximum kilowattdemand can be controlled.

The controller automatically regulates or limits operation in order
to prevent a set maximum demand from being exceeded. The controller
predeterminesthe demand limit and the demand interval. The sequenceof
operation is similar to that described under "load shifting and con-
trol"

Figure 7, illustrates the new load profile with demand set at 1,700
kW. Cost savingsare the same as those computedunder "LoadShiftingand
Control."

DENANDPEAKS
CONTROLLED BY
POWERDEMAND

250' CONTROLLER

240.
230.

220'

210.

200,

190.180-

,170.

160-

i 150.

140-

130-

120-

i _ 110-

100-

90-

80-

70-

_ 6o
_ 5o

a

10'

12 4 8 NOON 4 8 12 4 8 NOON4 8 12
AM AN AN

FIGURE7. ELECTRICLOADPROFILE (DEMANDCONTROL)
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POWERFACTORCORRECTION f

The electrical efficiency of the coreless induction furnace is ap-
proximately 76-81 percent with a power factor of approximately 90-98
percent, the channel furnace is approximately 94-95 percent with a power
factor of 94-98 percent. With these high power factors designed into the
furnaces, no additional correction is necessary.

On the other hand arc furnaces have an approximate power factor of
70%, if capacitors are not installed on furnace transformers. It should
be noted that power factor improvement will not save in-plant energy or
reduce the customer's power bill, but will save energy at the utility
company power plant thereby reducing the nation's dependence on oil.

IMPROVED FURNACE DESIGN

Induction Furnaces

Improved profile of the power coil reduces the magnetic flux lines
penetrating through the outside corners, which in turn minimizes eddy
current loss, thereby improving furnace efficiency.

Use of castable backup refractorywill eliminatethe need for cool- f
ing coils and save the energythat would otherwiseenter intothe cooling
water. The efficiency of the furnace can be increased as much as 10%
with these improvements. A foundgy producing 25 tons a day can save
approximately $17,000 per year. Using representative figures for this
example the savings compute as follows:

Total energy required to melt 25 tons of metal per day =

25 x 500 kwh/ton = 16,500 kwh
0.76% efficiency

10% improvement= 16,500 x 0.10 = 1,650 kwh savings/day

Savings/yearat 240 days = 1,650 x 240 = 400,000 kwh

Average power at $O.0427/kwh

400,000 x $0.0427 = $17,000 savings/year

(
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ArcFurnaces

The installation of water-cooling on the sidewalls of the furnace
will reducedowntimenecessaryfor refractoryreplacement. With instal-
lation of water-cooled blocks there is about 10% increase in total fur-
nace productivity; other benefits are:

• 80% decrease in side wall brick consumption

• Reduction of power "on-time" by 13%

• 3% energy savings

• 8% reduction in electrode consumption

The installation of solid-state furnace controls will automatically
position the electrodes within the furnace. The control maintains more
accurately the arc setpoint which give constant power input and longer
refractory life. The resistance sensing compensates for reactance to
allow more sensitive action to the arc resistance. With a constant arc
stability it provides for a higher through-put, with a higher input power
usage. The energysavings that can be realized are approximately 10 per-
cent.

O ElectricGlo-BarReverberator_Meltin9 Furnace (ERMF)
Installation of furnace covers over the charging and dipout wells

and the bath will save energy.

Sample Calculation

Potential energy savings in covering a four-square-foot opening
based on radiationlossesof 20,000Btu's/SF/hrfor coveredfurnaces.

Four SF Area

Losses withoutcover = (4 x 20,000) = 80,000 Btu/hr
Losses with cover = (4 x 500) = 2,000 Btu/hr
Net reduction = 78,000 Btu/hr
Losses per lO-hr day = (78,000 x 10) = 780,000 Btu
kwhsaved(780,000 : 3412) = 228kwh

Annual savings (240 days x 228 x $0.042) = $2,298.00

Graphite Rod Holdin 9 Furnace

As the graphite rod holding furnace is not a primary melting fur-

_ nace, this furnace will not be addressedwith regards to lost energy.
The efficiency and utilization of energy input for metal holding is high.
The power factor is maintained at near unity with this type of unit.
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SUMMARY

POTENTIALANNUAL COSTSAVINGS

FORELECTIRCALENERGY AND DEMAND]J

PRESENT CONDITIONS POTENTIAL CONDITIONS.

ENERGY ENERGY ENERGY ENERGY POTENTIAL
ITEM CONSUMED AND DEMAND CONSUMED AND DEMAND 'ANNUALCOST

KWH COST $ KWH COST $ SAVINGS $

Off-Peak Melting 5,130,984 335,592 5,130,g84 259,764 75,828

DemandShifting
and DemandControl 5,130,984 323,304 5,130,984 279,024 44,280

DemandControl
Only 5,130,984 335,592 5,130,984 323,304 12,288

Furnace Covers 56,272 2,363 1,406 65 2,298

Improved Furnace
Design 3,960,000 169,092 3,564,000 152,182 17,000

1_/ Developed from sample calculations shown breviousl¥ in thistext.

(
1. Potentialannual cost savings"are based on 240 operating days per

year.

2. Energyconsumedper year is based on furnace loads only. Does not
includeplant base loads.

3. Average energy cost of $0.06 per kwh based on 1980 rate schedules
should be used in place of $0.04 used in examples.

4. Potentialenergy savingsshown are not all accumulative.

(
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PART B

NATURALGAS MELTING

GENERAL DESCRIPTION

This sectiondeals with energy savings in gas melting operations:

Formulas, calculations, and graphs have been simplified within the
Scope of the Project from the normally complex task of calculating heat
transfersto reflectconstantconditionsduring the process.

To investigate any process in depth, it is essential to establish
parameters,calculatethe data and plot resultson a continuousbasis to
establish the limits of the operation and equipment, and identify any
trends.

The work sheet lists the expected parameters for furnaces, burner
and ancillary equipment and operational data to complete a "one shot"
energy audit. This constitutes a base for any future improvements. A tape
measure, thermometer, flue gas analyzer and flowmeters will be the
tools needed.

e
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:W_ GAS FURNACEDATA INPUT

Metaltype: Aluminum Annualtons 1,500

Pouringor tap temperature 1380 OF

I_/Heat contentBtu/Ib 497 Shifts/day One

Meltingperiodhrs. 8 Holdingperiodhrs. 16

Methodof Meltin_ Crucible Reverb

Metal melted/hr.Ibs. 2,000 2,000

Burner ratingBtu/hr 3.6 x 106 4.85 x 106`

Total gas usage/hr CFH 3,600 4,850

Capacityof furnaceIbs. 2,000 5,000

Cruciblediameter 36" -

Areaof metalradiationsq. ft. 4.0 4.0

Area of refractory wall:

Belowmetalsq.ft. 110 40

Abovemetalsq.ft. - 40

Thicknessofwallins. 6 6

Dooropenareaordipwellsq.ft. - -
MeantemperatureofwallsOF - -

Outertemperatureof wallTI lO0°F 100°F

Inner temperatureof walls T2 3,000°F ....2,000°F
PresentrefractoryK value N/A 6

ProposedrefractoryK value - -

Rsvalueforrefractory - -

CO2 fluegasreading 5% CO2
Combustionair cfm N/A N/A

Combustionair wg N/A N/A

Fluegastemperature 1,150°F 1_600°F

AmbienttemperatureOF

Timeofdayused - -

Days/yearused 240 240

Energy cost/them $ $0.30

0 _/ See Figure 1 for input data.
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GRAPHS_TABLESAND CHARTS

The following graphs, tables and charts illustrated here _
are to be utilized for performing sample calculations for
anticipated energy reduction measures.

Heat Content of Metals

The following graph (Figure No. 1) shows the heat content
of numerousmetals and alloys for varioustemperatureranges:

!_ WqmnWm

Alumilum die ostin!
Z$O" alJoy-- 92A! } Cu

klu, numJm

225" !

, Aluminum _¢

200 - 150 _ _KICu I0 AI
' hon and Steel

17S op_r

150' rass
Cu IS ZR

121'

" 150
75,

lt.

0" -0 _ 400 _ _0 I000 12_ 1400 ll_O() I_ _ 22_O 24_0 2600

Tcm_mture F

TeulpCrllUll C

FIGURE 1. NORTH AMERICAN HANDBOOK

Example of use: With a 1400°F metal temperature, the heat content
of aluminumdie casting alloy is approximately500 BTU/lb.

(
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PERCENT EXCESS AIR FROM CO2 READING

110__
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•I --ANTHRACITE AN_ LIGNIT_90_ _ ,
BITUMINOUSANDSEMI-
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8O i CA-_D I
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701 I l
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0 so

40
I

NATURAL GAS

!

t
No. 2 FUEL OI

lO t
No. FUEL

0

4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 1920

PERCENT CO2

Figure No. 2

;,) Source: North AmericanCombustionHandbook.

Example of Use: A combustion analysis shows 6% CO2 content of the flue gas,

with natural gas burning equipment the excess air is approximately 90%.
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PERCENTAVAILABLEHEAT

From North American Combustion Handbook

I-_-_\\_x\-x_x_Ix_,,-!-,]x,._o_-M Tl1-11 FI1T
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400 800 i_O0 i600 ZOO0 ?400 2800 3ZOO

fLU( GA,S TEmPEraTURE °F

FiBure No. 3

Exampleof use: With a flue gas temperatureof 1100°Fand an excessair
requirement of 90%, the amount of heat available for metal melting
(including heat lost by radiation) is approximatly 52%.

(

K & G []B-5



Typical thermal properties of refractory and insulating concretes.

e
Thermal

Flre_J }|eat ¢onduclivit y Thermal
AKitrPKate. dcnsit v. rsimcit v. B.t.u. per diffusivtt y.

lb.pe'r B.LU.]_-r (hr,/sq.fL) (sq.ft.
cub.ft. (cub.fit.) (deg.F. per lldr.)

(deK. F.) per in.)

Vermiculitc ,, _ -----g---- 1.2 0011
Diatomlte .... 5541 1.; 0.010
{,'ruBbed H.T. Insu.

)stinkbrick .. 85 ' 21 3.2 0.013
];_xpanded clay .. O0 22 3.5 0.013
Crushed firebrick ., 115 29 0 0.017
biolochite .. 120 31 _ 0.021
SHlimanite .... 135 33 It) 0.025
(._rborundum .. 145 40 50 0.103
Calcined bauxite .. 100 45 12 0,022
MaKncsite .... 100 45 20 0.037
Chrome-malnvsite.. 105 37 8 0.018
Fused maKnesla .. 170 50 24 0.04
Fueed alumina .. 175 5°- 10 0.026
Bubble alumina .. 95 22 0 0023

TABLE - 1

Example of use: Read "K" (thermal conductivity) for type of
lining in use.

PHYSICALPROPERTIES*2100 2400 2600 2800 3000

Maximum Recommended 2100°F 2400°F 2600°F 2800°F 3000°F

UseTemperature (1150°C) (1:_15°C) (1425°C) (1540°C) (1650°C)

Density {PCFI 12_15 18-22 18-22 18-22 10-22

Thermal Conductivity - k
(BTU - In./S.F. - OF - Hr.)

Same k values for these compositions.
600°F 0,26 0.29

eoo°_ 0.36 0.35
0.48 0.41IO00°F

u. 1200°F 0.62 0.48o 140OOF 0.77 0.57

c 1600°F 0.93 0.67

:_ 1800°F 1.08 0.79 "'k°" measurements made at
2000°F 1.24 0.93 • Refractories Research C4_nter,

2200°F - 1.10 Ohio State University.
2400°F - 1.30

Ref. IndustrialInsulations,Inc.

TABLE - 2

Exampleof use:

Determine mean temperature from formula; tl " t2
- Mean wall temp.

Read "K" thermal conductivityunder maximum recommendeduse tem-perature.
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Composite refractory- and insulating-
concrete lining of a propane-fired furnace

Figure No. 6

Example of K values for above material, refer to Fig. 4

Fused alumina, K = 16
Crushed Firebrick, K = 6
Vermiculite, K = 1.2
DiatomiteBrick, K = 1.7

(
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HEAT STORAGEAND LOSSES BTU/SQ. FT.

t WALL TYPE REFRACTORY HOT FACI TEIIPERATURE "F
THICKr;ESS l,200 |,600 2,000

H. ST. H.L. H. ST. H.L. H, ST. H.L.

9" Composite 13,700 285 19,200 437 24,800 615
2,000° insulation
and firebrick

13-I_2" Composite 22,300 335 31,400 514 40,600 718
2,000° insulation
and firebrick

22-I/2" Composite " 43,200 182 61,000 281 79,200 392
2,000° Insulation
and firebrick

6" Ceramic fiber 842 208 1,170 432 1,490 672

H. ST. - Heat Stored
H. L. - Heat Lost. BTU/Hr.

TABLE - 3

PREHEATING OF COMBUSTION AIR

56

52 , o_

:c 36Lad

,._ 28
> 24

20

< 16

12

B

f ,4 1 i
O0 400 800 1200 1600 2()00 2400

AIR TEMPERATURE°F

Figure No. 8

Example of use: Read gas saved in percent against furnace temperature
e curve for combustionair temperatureobtained.

At 1600°F furnace temperature, and 1200°F air temperature, the
gas saved is approx. 26 percent.
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Fi9ureNo. 9

Exampleof use: Read net radiation(kw/m2) againstsurfacetemperature
and radiation curve.

e.g. at 800°C, radiatedpower is approx.100 kw/m2.
Where800°C = 1472°F.
100 kw/m2 = 30,000 BTU/sq.ft.

(

t
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O IMPROVINGCOMBUSTIONEFFICIENCY

A cruciblefurnacemelts 2,000 lbs of aluminumper hour,_low meter
readingsindicatethat 3,500cu. ft. of gas per hour (3.5x 10 BTU/hr.)
is used.

Flue gas temperaturewas measuredat 1150°Fand the flue gas analy-
sis showed a CO_ contentof 5%. Find presentcombustionefficiency and
probable efficiency, by installation of a nozzle mix burner and
fuel/airratio controls,if CO_ contentwas correctedto 11% and excess
air reduced to 10%. For this Example it has been assumed that furnaces
areequippedwithcovers.

Present Combustion Efficiency

Heat required to melt aluminum,

• Heat contentof metal is 500 BTU/Ib (FigureNo. l)

• Amount of metal heated per hour is 2,0001b.

Therefore,Heat to product is 500 x 2000 = 1,000,000BTU/hr.

Heat lost to exhaust.

_ • From FigureNo. 2 with 5% CO2 in flue gas the excessisapproximately 130%.

• From Figure No. 3 with a flue gas temperatureof 1150°F and
130% excess air, the percent of gross fuel input available to
do work (including radiation losses) is approximately 40%.

Therefore,of the 3,500,000BTU/hr.energy input only (3,500,000x
0.4) 1,400,000BTU/hr (minusthe radiationlosses)is utilized.

Propable Combustion Efficiency

Heat lost to exhaust

• From Figure No. 2 with 11% CO2 in flue gas the excess air is
10% approximate]y,

• From Figure No. 3 with a flue gas temperatureof 1150° and 10%
excess air, the percent of gross fuel input available to do
work (including radiation losses) is approximatly 65%.

Therefore,of the 3,500,000BTU/hr.energy input (3,500,000x 0.65)
2,275,000BTU/hr. is availablefor meltingthe metal.
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As previously stated the amount of heat required to melt 2,000 Ibs.

of aluminum is 1,000,000 BTU/hr. Present combustion efficiency calcu- (lations show that 1,400,000 BTU/hr. was available to melt the metal.
Therefore: 1,400,000 - 1,000,000 results in 400,000 BTU/hr. being lost
by radiation effects. By increasing the available fuel to 65% it can be
readily seen that a smaller burner could be used to accomplish the same
work.

x 100 = 25% less fuel

Summary,

Item Present Energy Probable Energy

Heat to product 1,000,000 BTU/hr. 1,000,000 BTU/hr.

Heatloss to Stack 2,100,000 BTU/hr. 1,225,000 BTU/hr.

Heatloss (Radiation) 400,000 BTU/hr. 400,000 BTU/hr.

Gross Input 3,500,000 BTU/hr. 2,625,000 BTU/hr.

ProcessEnergyFlowDiagrams (

3.5x ]06Btu TOPRODUCT
l.Ox 106Btu

FURNACELOSSES STACKLOSSES
0.4x 106Btu 2.1x 106Btu

PRESENT CONDITION

2.6x 106Btu TO PRODUCT

_ I'°xloGBtu

FURNACELOSSES STACKLOSSES

0.4x 106Btu 1.2x 106Btu (

PROBABLECONDITION
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I _ ProcessEnergy Flow Diagrams

NOU
3.5 x 106Btu TO PRODUCT

1.0 x 106Btu

FURNACELOSSES STACKLOSSES

0.4 x 106Btu 2.1 x 106Btu

PRESENT CONDITION

INPUT
TO PRODUCT

2.6 x 106Btu
1_0 x 106Btu

FURNACE LOSSES STACK LOSSES

"i-_ ' 0.4 x 106Btu 1.2 x 106Btu

PROBABLECONDITION

Yearly Ener9y Cost Savin9s

Assuming, using the above example, that the furnace melted 8 hours
per day, 5 days per week, 50 weeks per year then the energy and cost
savings would be;

8 x 5 x 50 x 875,000BTU/hr.= 1750 x 106 BTU or 17500 therms/year,
at $0.30 per therm, yearly savings would be $5_250

COMBUSTION AIR PREHEATING

For typical gas fired furnacewith flow rate of 3.5 x 106 BTU/hr,
improved efficiency can be attained by preheating the combustion air
with the use of a hot gas recuperator.
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Example Calculations
II

With flue _as temperatureof 1600°F, if combustion air is pre-
heated to 1200 F, energy savings of approx. 26% are available as
obtained from Fig. 8 . Thus heat savings can be calculated for the
typical gas fired furnace as follows:

2.625 x 106 BTU/hr.x 0.26 = 0.68 x 106 BTU/hr.

Annual energyreductionbased on 8 hours/day,240 days per year is-

0.68 x 106 x 8 x 240
= 13,100 therms/_. @ $0.3 per therm, cost100,000 BTU/therm

reduction= $3_930/year.

Summary

Item PresentEnergy ProbableEner(_y

Heat to Melt 1,000,000BTU/hr. 1,000,000Btu/hr.

Stack Losses* 1,225,000BTU/hr. 545,000BTU/hr.

RadiantLosses* 400,000BTU/hr. 400,000BTU/hr.

Gross Input 2,625,000BTU/hr. 1,945,000BTU/hr.

*Stack and radiant losses from previous example after improvements.

REFRACTORYMATERIALS- CRUCIBLEFURNACE

Sample Calculation -

A crucible furnace with composite refractory and insulating - con-
crete lining is compared to same furnace with ceramic fiber sleeve
insulatingmaterial. Diagramof t_ical furnacewith compositelining
is shown in Fig. 6 .

The heat loss through composite material is determined by calcula-
tion of "Q"

tI - t2

Q per sq. ft. - RI + R2 etc.

Where tI = Hot Face Wall Temperature.

_2 = Cold Face Wall Temperature.= Resistance, which is the wall thickness divided
by "K", the conductivity of the material.

G
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"K" for various materials is obtained from table of typical ther-

C!]_ mal propertiesFig. 4 . Thus R1 + R2 etc. for variousthicknessesis:

R1 =_-(fused alumina) = 0.125

R2 = _ (crushedfirebrick) = 0.333

1 (vermiculite) = 0.833& R3 =_rT,._

TotalR1 + R2 + R3 =_-_'9-r

Area of side walls estimated to be 110 sq. ft.

Thus heat loss through composite material = Qa

•".Qa = (3,000- 100)1101.291 = 247,000BTU/hr.

NOTE: The above calculation demonstrates the methodology used for
computing sample radiation losses. Actual radiation losses used
throughoutthe precedingexamples is 400,000 Btu/Hr.

)
Replace 6" composite material with 6" ceramic fiber sleeve of

3,000°Fmaximum use temperature. The calculationof mean temperature=

tl - t2 3_000 - 100 = 1450OF
2 = 2

K value for mean temperature of 1450°F (from fig. 5) is prorated
between 0.57 and 0.67 to be 0.60

thus R (ceramicfiber) = 60-._o= io

Thus heat loss throughceramicfiber sleeve = Qb.

.'. Qb = (3,000 _ i00) 11010 = 31,900 BTU/hr

Change in heat loss Qa - Qb = 247,000- 31,900 = 215,100 BTU/hr

Based on a melt program of 8 hours/day,240 days per year, the
annualgas usage reductionis as follows:

215_100BTU/hr x 8 x 240
100,000BTU/therm x $0.3 = $1,240/year.

®
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If originalenergy input is 1.945 x 106 BTU/hr., the furnaceef- dl
ficency is improvedfrom 51.4 per cent to approximately57.8 percent, •
or 6.4% increasein efficiency.

Summary

Item PresentEner_ ProbableEnergy

Heat to Melt 1,000,000BTU/hr. 1,000,000BTU/hr.

Radiationloss* 400,000BTU/hr. 185,000BTU/hr.

Stack Loss* 545,000BTU/hr. 545,000BTU/hr.

Gross Imput 1,945,000BTU/hr. 1,730,000BTU/hr.

* Stack and radiant losses from previous example after improvements
of combustionequipment.

TYPICAL ENERGY FLOW DIAGRAM

PRESENT CONDITION:

ENERGYINPUT ___f///_ _!!_L!!o_!!!; (

1.9 x 106
BTU/HR

HR

REFPJ_CTORY COMBUSTION
LOSS AIR AND STACK

400,000 BTU/HR INEFFICIENCY
LOSSES

545,000 BTU/HR

PROBABLE CONDITION:

ENERGYINPUT _///._//.]1.7 x 106

2,,000 LBS. AL/HR
=I,000,000BTU/HR

REFRACTORY COMBUSTION
LOSSES AIR AND STACK

185,000BTU/HR INEFFICIENCY
LOSSES

545,000 BTU/HR
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FURNACE COVERS

Ladle and furnace covers eliminate most of the radiation loss
which is the major area of energy loss from uncovered ladles and metal
surfaces. Net radiated heat loss from a metal surface, emissivity,
dependson the amount of slag. Emissivityof clean iron is relatively
small but the thin slag layer usually present increases emissivity.
Energy loss can be obtained by reference to Fig. 9 by reading net
radiatedpower at metal temperaturefrom the chart.

Example,atmetal temperatureof 80_°C (1472°F)_readfor radiation
y' at E = 1, net radiatedpower = 100 kw/m_ (0.03x 10v BTU/sq.ft.)

Where: i m2 = 10.76 sq.ft.

1 kw = 3412 BTU.

Sample Calculation-

Consider a gas fired furnaceholding aluminum at 1400°F with dip
well area 4 sq. ft. without a cover and calculate the energy savings
with a ceramicfiber cover in place.

Radiationlosses,at 1400°F (760°C)from Fig. 9 = 60 kw/m2

.!, = 19,000 BTU/sq.ft.

Thus 4 sq.ft, x 19,000 BTU = 76,.000BTU/hr.

Heat lossfrom dip wellwithcover,based on thicknessof two inches
for ceramic fiber cover, is:

Q = tI - t2

R1 + R2 etc.

where tI = hot face temp. 1400°F.

_2 = cold face temp. 200°F._ = Resistancewhich is the thicknessof the cover divided

bytheconductivityK.

K for cover material can be obtainedfrom Fig. 5 where mean tem-
perature of the material is given by

Mean temp. = tl - t2 1400 - 200 _ 600OF---_---= 2

ThusK from Fig. 5 at 600°F = 0.26 (BTU/sq.ft. per ins - °F/hr.)

:_ ... Q = (1400 - 200) 4 sq.ft. 48002/0_26 =_ = 600 BTU/hr.
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Savingsin energy loss = 76,000 - 600 = 75,400 BTU/hr. a

With cover in place during 16 hours holding period per day, the
reductionin energyfor 240 days per year is:

75,400x 16 x 240 = 289 x 106 BTU/year@ $0.3 per therm, the cost
savings is:

289 x 106 x 0.3
100,000 = $870 per year

Summary

Item PresentEnergy ProbableEnergy

Heat to Melt 1,000,000BTU/hr. 1,000,000BTU/hr.

RadiationLoss* 185,000BTU/hr. 109,600BTU/hr.

Stack Loss* 545,000BTU/hr. 545,000BTU/hr.

Gross Input 1,730,000BTU/hr. 1,654,600BTU/hr.

*Stack losses and radiation loss from previous example for present m
conditionsafterimprovements.

PRESENTCONDITION-

INPUT X

1.73 x 106 - MELT ENERGY

Btu/Hr l.O x 106Btu/Hr

RADIATION LOSS STACK LOSS

0.185 x 106 0.545 x lO6

Btu/Hr Btu/Hr

PROBABLE CONDITION -

1.654 x 106 MELT ENERGY

Btu/Hr 1.0 x 106Btu/Hr

¢
RADIATION LOSS STACK LOSS

1.109 x 106 0.545 x 106

Btu/Hr Btu/Hr
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_;_ OVERALLFURNACEEFFICIENCY

The followingtable summarizesthe probable cost and energy sav-
_ngs by carryingout all of the possible improvementspreviouslycover-
ed in the examples.

Summary (Energy and Cost Savings)

i Efficiency Annual Savings
BTU/hr. Percent Gas Cost

Item Reduction Increase Therms. $

CombustionEfficiency 875,000 25.0% 17500 5250

PreheatComb. Air 680,000 26.0% 13100 3930

RefractoryUpgrade 215,000 6.4% 4130 1240

Furnace Covers 75,000 2.6% 2900 870

Total 1,845,000 31.8 37,630 $11,290

1.0 x 106

OverallThermal Efficiency= (3.5 - 1.845) 106 X 100 = 60.4%

PresentEfficiency(Approximate) = 28.6%

IncreasedEfficiency= 60.4 _ 28.6 = 31.8%

1_845_000
PercentEnergySaved= 3,500,000 = 53%

REVERBERATORY FURNACES

Energy savings and efficiency improvementscan be developed for
reverberatory furnaces. For combustion efficiency and burner pre-
heatingthe previousexamplesare repeatedand appliedto reverberatory
furnace summary analysis.
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IF

REFRACTORYMATERIALS- REVERBERATORYFURNACES g

SampleCalculation-

Assume a reverberatory furnace melts 2,000 Ibs of aluminum per hour.
The area of refractory below metal is 40 sq. ft. and the area of
refractory above metal is 40 sq.ft._ Thickness of refractory is 6
inches• Metal is at 1380°F and combustiongas temperatureabove'the
metal is 3000°F. To find heat loss with conventionalrefractory,the
thermalconductivityk for the material isdeterminedfrom fig. 4 to be
6 BTU/hr.per sq. ft. (deg. F per inch.)for crushedfirebrick.

tI - t2

Heat loss Q = 1+_-_-_-R_2etc.

Where tI = Hot face wall temperature

_2 = Cold face wall temperature= Resistance,which is the thicknessof the lin-
ing divided by the conductivity of the material K.

tI - t2 .
Mean temperature 2 is required to select K

Thus the mean temperaturefor area abovethe metal, based on a com-

bustiongas temperatureof 3000°F = 3000 - 100 = 1450OF G2

Mean temperaturefor area below the metal = 1380 2- 100 = 690OF

• Qa (abovethe metal) 3000 - 100• " = 6/6 = 2900 BTU/Hr/Sq.Ft.

= 2900 x 40 = 116,000BTU/hr.

.'. Qb (belowthe metal) - 1380 - 100 _ 1280
6/6 --I---= 1280 BTU/hr/sq.ft.

=1280 x 40 = 51,200 BTU/hr.

.'. Total heat loss through the refractory walls

= Qa + Qb = 116,000+ 51,200 = 167_200BTU/hr.

¢
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_j_ To find the heat loss with ceramiclining used for insulation.._ between the refractory and the outer shell, the added R, resistance,
must be calculated.

The thermal conductivity K for ceramic fiber is determined from
Fig. 5 for 1 inchthickmaterialto be 0.26 BTU/hr.per sq. ft. (deg.F
per inch.)

Note - Mean temperature assumed between refractory and shell,
t = 200°F.

" Newheat lossQa + Qb = (tla- t2) 40 (tlb- t2) 40
6/6 + 1/0.26 6/6 + 1/0.26

= 13000 - 100) 40 + (1380 - 100) 40 --23,970 + 10,6001 + 3.84 1 + 3.84

= 34,570 BTU/hr.

Change in heat loss through lining by adding 1 inch of ceramic
fiber insulation = 167,200 - 34,570 = 132,630 BTU/hr. reduction,
equivalent to 79.3% saving.

Based on a melt program of 8 hours per day, 240 days per year, the
annualgas cost reductionis as follows:

132,600BTU/hr.x B x 240
100,000BTU/therm .x $0.3 = $760

Summary

Item PresentEnergy ProbableEnergy

Heat to Melt 1,000,000BTU/hr. 1,000,000BTU/hr.

RadiationLosses* 250,000 BTU/hr. 117,000 BTU/hr.

Combustion and
Stack Losses* 2,045,000BTU/hr. 2,045,000BTU/hr.

Gross Input 3,295,000BTU/hr 3,162,000BTU/hr.

* Combustion and stack losses from previous example after improvements are
listed in this case for present energy use.

)
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Energy flow diagrams for all .improvementsby progression from
origina] condition to ultimate condition are as follows:

Energ_Flow Diagrams- Reverberator_Furnace Example

ORIGINAL CONDITION:

ENERGYy_///I " " I J J,INPUT

REFRACTORY COMBUSTION
& RADIATION & STACK

LOSSES_ LOSSES .
0.25 x ]0b 3.6 x I0b BTU/HR

BTU/HR

COMBUSTIONIMPROVEMENT& BURNER AIR PRE-HEAT

INPUT
3.295 x 106

BTU/HR

MELT ENERGY
1.0 x 106

• BTH/HR

REFRACTORY COMBUSTION
& RADIATION & STACK
LOSSES . LOSSES

O.2S x 10b 2.045 x 106
BTU/HR BTU/HR

REFRACTORY& METAL COVERS IMPROVEMENTS

3.081 x 106

Btu/Hr M;L_ENERGYl 106Btu/Hr

REFRACTORY & COMBUSTION &

RADIATION LOSSES STACK LOSSES

0.026 x 106Btu/Hr 2.045 x 106Btu/Hr

¢
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OVERALLFURNACEEFFICIENCY

The following table summarizes the probable cost and energy saving
available by carrying out all of the possible improvements in common
with the crucible furnace per previous examples.

Summary (Energy and Cost Savings)

BTU/HR % ENERGY ANNUAL SAVINGS
ITEM REDUCTION SAVING GASTHERMS COST$

Combustion Efficiency* 875,000 25.0% 17,500 5,250

Preheat Combustion Air 680,000 26.0% 13,100 3,930

Refractory Upgrade 132,000 4.0% 2,550 760

FurnaceCovers 75,000 2.1% 2,900 870

TGTAL 1,762,000 36,050 $10,810

: Overallpercentenergy reduction = 1_762,000 = 36.3%
4,850,000

106x
Overall thermal efficiency = (41_ x

100
- 1.762x 106) = 32.3%

Presentefficiency(approximate) = 20.6%

Increasedefficiency = 32.3 - 20.6 = 11.7%
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CRUCIBLE REVERBERATORY
ECONOMICEVALUATION FURNACE FURNACE

1. Replaceexistingburner system
with a combination nozzle mix
burner system-recuperator pack-
age with completely pre-wired
control system
EquipmentCost $ 30,000.00 30,000.00

2. Replace conventional refractory
lining with ceramic fiber ma-
terial $ 2,000.00 500.00

3. Metal covers in ceramic fiber
material $ 200.00 200.00

4. Laborto installItemI $ 17,000.00 17,000.00

5. EngineeringCosts $ 5,000.00 5,000.00

TOTAL $ 45,000.00 43,000.00

Payback period = Capital Investment = Years
Energy Savings$/YR

Therefore payback period (present day costs)

Crucible Furnace = 45,000 = 3.98 years t
Reverberatory Furnace = 43,000 = 3.98 years10,850

NOTE - The above costs are for example only, actural equipment
costs are to obtained for specific furnace item as part
of normal engineering procedure. Labor costs for lining
installations are assumed to be covered by normal maintenance
expense budget.

(
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_) HEATTREATING

General ConsideratiQns

This section, dealing with the energy savings of the Heat Treat
Furnace operation, will concentrate generally on the major areas for
energy savings attributed to:

• Process operation and control

• Refractory materials

• Combustionequipment !
• Heat recuperation

Formulas, calculations, and graphs have been simplified within the _
Scope of the Project from the normally complex task of calculating heat
transfers, to reflect constant conditions during the process.

To investigate any process in depth it is essential to establish
parameters,calculatethe data and plot resultson a'continuousbasis to
establishthe limits of the operation and equipment, and identify any i_:
trends.

The work sheet lists the expected parameters for furnace shell, !!!!_
blower, burner and ancillary equipment; and operational data to complete _!Z
a "one shot" energy audit and constitutea base for any future improve-

ments. A tape measure, thermometer,flue gas analyzer and flow meters ._
will be the tools needed. _
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HEAT TREAT DATA INPUT

HEAT TREATING UNIT NO.I

FURNACEMAKE ANY BURNER MAKE ABC

MODEL ANY MODEL ABC

SIZE 10' x 20' x 8_ HIGH TYPE Pre mix SIZE __ BTU/HR

CAPACITY 20,000 LBS. FUEL NaturalGas
i

TYPE OF LINING Conventional RECUPERATORMAKE None

WALL THICKNESS 13_i INCH MODEL TEMP °F
i

BLOWERMAKE TYPE SIZE -

MODEL CONTROLS _BKE None

SIZE CFM.PRESS "WG TYPE

VOLT HP

TYPEOFHEATTREATCYCLE ALLOY

HEAT TREAT CYCLE - HEATUP HRS FUEL/AIR PJ_TIO
HIGH LOW

- SOAK HRS FLUE TEMPERATURE 165Q °F °F

-COOL DOWN HRS SHELL MEAN TEMPERATURE °F

CYCLES PER WEEK
FURNACE PRESSURE Neqatiye "WC

TEMPERATURE 1,650 °F

AVEPJ_GELOAD LBS
FLUE ANALYSIS (HIGH) N/A % CO

CASTING LBS

N/A % 02
BASKETS LBS

5 % CO2
STOOLS LBS

LOAD DENSITY LBS/WFT

QUENCH AIR, H20 OIL

QUENCH TEMPEMATURE °F

FUEL CONSUMPTION 116 THE_4S/CYCLE

MISCELLANEOUS
b

WALLAREA 880 SQ.FT.

WALL TEMPERATUREHOT FACE Tl 1650 °F
i

WALL TEMPERATURECOLD FACE T2 160 °F

AMBIENTTEMPERATURE 80 °F

EXTERNALSURFACEAREA 880 SQ.FT.
HOTSURFACEAREA 570 SQ.FT.
ENERGY COST/THERM $ 0.30

HEAT TREAT LOADS/DAY

HEAT TREAT LOADS/YEAR

Note: Data Recorded is only that needed to perform sample calculations. 0
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TABLES_ GRAPHS AND CHARTS

Table I

APPROXIMATE THERMAL CONDUCTIVITIES

OF FIRECLAY BRICK

Btu per Hour, per Square Foot, per Degree F. Temperature Difference,
for One-Inch Thickness

Kindof Den- MeanConductivityat T°F.

Brick sity*
200 400 600 800 lO00 1200 1400 1600 1800 2000 2200 2400 2600 2800

147 9.7 9.7 9.7 9.8 9.9 lO.O ]0.2 I0.3 I0.5 10.7 I0.9 ll.l II.3 .....

146 8.7 8.8 9.0 9.I 9.3 9.4 9.6 9.7 9.9 lO.O I0.2 I0.4 I0.5 ....

136 8.4 8.5 8.7 8.8 9.0 9.2 9.3 9.5 9.6 9.8 9.9 lO.l ........

127 7.1 7.3 7.4 7.6 7.8 8.0 8.1 8.3 8.5 8.7 8.8 g.o ........

125 5.8 6.2 6.5 6.9 7.3 7.6 8.0 8.3 8.7 g.o 9.4 9.8 ........

*Pounds per Cubic Foot.

NOTE: For brick of the same type, class, composition, and burn, the conductivities are
approximately proportional to the bulk densities (weights in pounds per cubic foot).

i,_ Table I]
APPROXIMATE THERMAL CONDUCTIVITIES

OF INSULATING FIREBRICK

Btu per Hour, per Square Foot, per Degree F. Temperature Difference,
for One-lnch Thickness

Thermal Conductivity at T°F
Den-
sity*

200 400 600 800 ]000 12DO 1400 1600 1800 2000 2200 2400 26()02800

36 1.06 1.20 ].34 1.48 Io63 I.77 1.9l 2.05 2.19 ....................

38 1.26 1.40 1.54 1.68 Io83 1.97 2.11 2.25 2.40 ....................

46 1.44 1.59 1°75 1.91 2.06 2.22 2.38 2.53 2.69 2.85 3.00 ............

31 0.78 0.86 0.94 1.02 1.09 1.17 1.25 1.33 1.41 1.48 1.56 ............

49 1.83 1.98 2.13 2.28 2.43 2.58 2.73 2.88 3.03 3.18 3.33 3.48 ........

56 1.95 2.10 2.25 2.40 2.55 2.70 2.85 3.00 3.15 3.30 3.45 3.60 3.75 3.90

60 2.20 2.35 2.50 2.65 2.80 2.95 3.10 3.25 3.40 3.55 3.70 3.85 4.00 4.15

*Pounds per Cubic Foot
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FIGURE 1. PERCENT AVAILABLE HEAT*

_COKE

110 I

_wOOO

9o _\\I BZTUh_.ous_.osE.z; Exampleof Use: A combustion

_\\_'TUI_"OUS, analysis shows 6% CO_ content
_o of the flue gas, wit_ natural

/ _ i \ \\\l_u_u
70 _AT_R_S gas burningequipment the ex-

_..CE_ITEXCES_A_R _0 _J_ cess air is approximately90%.

,oI ,\
NATifiALGAS"_

3(]

riO. Z FUEL OIL _

,o i
FUEL OIL_

NO,"_, , , I ....

4 5 6 7 8 9 TO 11 12 13 14 15 16 17 18 19 20

FIGURE 2. PERCENT EXCESS AIR FROM C02 READING*

*From North American Combustion Handbook
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TableIII CERAMICFIBERS
@

Tberaml Coaduclivily vs Man Temperature [per AS'rM C-T_'/) "*

.346 12.4] 64 kalms _F r _1
(4Ib/h,)

.317 [2.2] _

96

.2a8 12.0] 6] ,,1_'

.26011.81

==--,I,.,) f

.173 11-21 18 Ib/ft') --

= .;ls 10.81
.OaT10.e) - _

_.0_ 10.41 -" _

-129 -18 93 204 316 427 538 649 760 871 982

(-ZOO) [0) [200) {400) (600) (800] (I000) 11200) 11400} (1600) 11800 I

Meam.TemperaUme - °(3 [°FJ

*'AJ] heat now ¢aJcublt iool ere based on • lurlace emissivity factor d .90, In ambient tempe_ture Of 27"C {eOUF), and zero wind velocity,
unless olherwiu stated. AJI tkeClnal P_nduclivUy values for Fiherfrax materials have been measured in accordance with ASTM Test
Plmc•du_ C-177. When comparil_ similar dit•, it is ndvisllhle to check the va|JdJly o[ adl Ihermnl conductivily vaJues •nd ensure the mnltil_
heat flow r.JelcuJatJonsire baled on the same condition |lctocs. Variations in any ol these [actors wi}] result in I';lP_Jficant differences |a the
¢nlcnlated data.

; Heat storageand lossescan be approximatedbased on the following

Table IV.

Table IV HEAT STORAGEAND LOSSES BTU/SQ. FT.

Table IV

HEAT STORAGEAND LOSSES BTU/SQ. FT.

WALL TYPE REFRACTORY HOT FACT TEMPERATURE°F

FHICKHESS 1,200 1,600 2,000

H. ST. H.L. H. ST. H.L. H. ST. H.L.

9" Composite 13,700 285 19,200 437 24,800 615
2,000° insulation
and firebrick

13-I/2" Composite 22,300 335 31,400 514 40,600 718
2,000° insulation
and firebrick

22-I/2" Composite 43,200 182 61,000 281 79,200 392
2,000° insulation
and firebrick

6" Ceramic fiber 842 208 1,170 432 1.490 672

H. ST. - Heat Stored
H.L. - Heat Lost Btu/hr
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FIGURE 3A FIGURE 3B

Courtesy of american Gas Association

Above table to be used for calculating air infiltra-
tion through cracks.

48

36

24 ////_///

12 I//',_

4
o V ;

400 800 1200 1600 2000 2400
AIR TEMPERATURE°F

FIGURE 4. Preheatingof CombustionAir*

*From AGA Catalog
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SAMPLECALCULATIONS(EnergyRelated)

Upgrading Furnace Linings.

Heat loss through various refractory linings can be calculated by
the use of the following mathematical formula:

tI - t2

HEAT LOSS "Q" - R1 + R2 etc.

WHFRE:

tI = Hot face wall temperature

t2 = Cold face wall temperature

R = Resistance, which is the thickness of the lining
divided by the conductivity of the material "K"

Typicalvalues of "K", thermalconductivityin Btu/hr, per square
foot, per degree "F" temperature difference, for one inch thickness are
listed in Tables I and II for fire clay and brick refractories.

"K" valuesfor ceramicfiber liningsare shown in Table III.

The heat required to get refractories up to furnace operating
temperature (heat storage effect) is listed in Table IV.

To obtain "K" factors from Tables I, II, and Ill it is necessary to
calculate the mean temperature. This is accomplished by adding tI and

_ and dividing by 2. Thus mean temperature for this set of conditions

1650°F ° 160°F
2 = 905°F"

Example: Determine heat loss through furnace walls lined with:

(a) Conventional brick refractory lining

(b)Laminatedceramiclining

(c) Fullceramicfiberlining
a

(a) Conventionalrefractorylining is composedof the followingmaterials:
i

J
) • 9" fire brick with a densityof 147 Ibs/cu.ft. I;

• 4-1/2" insulatedbrick with a densityof 31 Ibs/cu.ft. J

,jK a G B-30 _ .



Therefore: , g

Heat Loss = 1650 - 160. = 289 Btu/hr/F2
.91+4.24 _1/

1/ To find resistance"R"for insulatedbrick,enterTable II at905°F
(mean-temperature) and read down to the 31 lb. density column, the
resultant "K" factor is approximately 1.06,

4-1/2
thereforeR=_ =4.24

Total heat loss through furnace walls:

= 289 Btu/hr/ft2 x 570 Sq. ft. = 164,730Btu/Hr.

(b) Laminated refractory lining is composed of:

• 9" fire brick with a densityof 147 Ib/cu.ft.

• 4-i/2" insulatedbrick, densityof 31 Ibs/cu.ft.

• 1" ceramicfiber lining,densityof 8 Ib/cu.ft. g

Therefore:

1650 - 160 = 226 Btu/hr/F2Heat Loss = .91 + 4.24 + 1.43

Total heat loss through furnace walls:

= 226 Btu/Hr/F2 x 570 Sq. Ft. = 128,820Btu/hr.

(c) Full ceramic fiber lining, composed of the following:

• 12" ceramicfiber at 8 Ibs. density/cu,ft.

Therefore:

Heat Loss = 1650 - 160 = 87 Btu/hr/F2
17.14-_2/
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2/To findresistance"R"for ceramicfiber,enterTable IIIat905°F.,
extend up to the 8 lb. density column and read 0.7 at the left hand
side of the graph, therefore:

R =__= 17.14

Total heat loss through furnace walls:

= 87 Btu/hr/Ft2 x 570 Sq. Ft. = 49_5g0 Btu/hr.

Summary - Heat Loss for Various Linings

% Savings over
ITEM Btu/hr Basic Refract.

ConventionalRefractory 164,730 -O-

LaminatedRefractory 128,820 22%

CeramicFiber 49,590 70%

) Equivalenttotal gas usagereduction,utilizingceramicfiber lining,
is 164,730-44,590= 115,140Btu/hr or 1.15 Therms per hour.

Based on a continuous heat treat operation (with furnace in equi-
librium) of 16 hours per day, 5 days per week-50 weeks per year, the total
yearly gas savingswould be as follows:

115_140Btu/Hr x 16 x 5 x 50 x $0.3 = $1_382.00 per year100,000Btu/Therm

Batch type heat treat operationis very costly in terms of gas usage
due to the input energy required to heat the refractory mass up to furnace

operating temperature, the following table illustrates the amount of
energy required to heat the refractory to 1,600 F. versus that required
for ceramic fiber:

i

1/Heat Capacity % Savings over
ITEM Stored - Btu Basic Refractory

Conv. Refractory (13-1/2") 17,898,000

) Ceramicfiber (12") 1,333,800 92.5%

_/ Based on 570 sq. ft. insidefurnacearea and heat storagefigures
from Table IV.
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r ..................

Operating batch furnaces on a rapid change-over schedule will re-
alize substantial fuel savings, also consideration must be given to the
productto be processed. The schedulingeffort to load to design ca- g
pacity will be more than offset by the fuel savings obtained by reduced
heating of the lining.

Quantative figures for overall savings, as a percentage of gas input
to furnace, for upgrading conventional lining cannot be stated due to the
many variables encountered in actual heat treat practices as applied to
individual foundry operations. Savings shown in the example
calculations, for lining replacements is attributed to radiation
loss savings only.

Improvin 9 Combustion Efficiency.

A Heat Treat Furnace has the following characteristics (from input
data sheet):

• Furnace size: 20' x 10' x 8 ft. high.

• Furnace capacity: 20,000 Lbs6
• Operating temperature: 1,650 F.
• 5% CO_ in flue gas.
• Flue _as temperature: 1,650°F.
• Naturalgas flow rate: 116 Therms/Hr.or 11,600cu. ft.
• Furnacephysicalcondition: 1/4"crack visibleall arounddoor.

Calculate present combustion and furnace efficiency and probable

furnaceefficienciesif thefurnacewas upgradedas follows: I

• Installnozzlemix burnerswith flue/air ratio controls.
• Install furnace pressure controls.
• Install hot gas recuperator for preheating combustion air.
• Repair furnace door and seal cracks.

Example No. 1: Calculate present excess air and available heat.

Excess air through burner system with 5% CO2 in flue gas (from Figure
2) is 130%.

Therefore, available heat to do work, (from Figure I) with 130%
excessair and 1,650 F. flue gas temperature,is 20% of 11,600cu. ft./Hr
of natural gas which is:

11,600 cu. ft/Hr x 0.20 = 2.320 cu. ft/Hr or 2,320,000Btu/Hr

Example No. 2: Calculate secondary excess air infiltration due to
door leakage.

From Table 3A with an average furnace temperature of 1,650°F., the
furnace negative pressure due to chimney effect is O.Oll" WC per foot of
furnace height.
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_) Therefore,total negativepressureis 0.011 x 8 = 0.088"WC.

From Table 3B with a total furnace negative pressure of 0.088, the
air infiltration is approximately 280 cubic feet per hour per square inch
of crack opening.

Therefore, total crack opening is, based on 28 linear feet of door
circumference,336 inchesx 1/4" = 84 sq. inches.

From Table 3A with an average furnace temperature of 1,650°F., ap-
proximately 35 Btu is necessary to heat each cubic foot of infiltrated
air, therefore, total heat required is:

35 Btu x 84 sq. inchesx 280 cu. ft/Hr/Sq,inch = 823,200 Btu/Hr.

Present Combustion Efficiency.

From Example1. AvailableHeat = 2,320,000Btu/hr.

From Example2. Heat Lost (Infiltration)= 823,200 Btu/hr.

Net Heat Available = 1,496,800Btu/hr

1.496_800
Efficiency = 1_,600,000 x 100 = 12.9%

Example No. 3: Calculate probably combustion efficiency after in-

stalling new burner system and sealing furnace cracks. C02content cor-
rected to 11% and positive pressure maintained in furnace.

Available heat to do work (from Table 1) with 10%.

Excessair is 53% x 11,600,000Btu/hr = 6,148,000Btu/hr

Net increase in heat content available is:

6,148,000Btu/hr - 1,496,800Btu/hr = 4,651,200Btu/hr

or 75.65% increase

Based on 5 days per week, 50 weeks per year heat treat operation with
heat-up time averaging 6 hours, the yearly energy savings would amount to:

4_651,200Btu/hr x 5 x 50 x 6
100,000Btu/Therm = 69,000 Therms per year.

At $0.3 per therms,dollar savingswould be $20,700/year
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CombustionAir PreheatinB 0

From the preceding examples approximately 5,452,000 Btu/hr
(11,600,000 - 6,148,000) is lost through the exhaust stack and radiation
losses through the furnace walls. By preheating the combustion air with the
use of a hot gas recuperation,the following additionalenergy savings
can be realized

Example No. 4: With flue gas temperature of 16_0°F, calculate the
energy savings if combustion air is preheated to 1200VF.

From figure No. 4 the resultant fuel savings will amount to approx-
imately 28%.

Therefore; additional heat saved per hour

= 0.28 x 11,600,000Btu/hr = 3,248,000Btu/hr

Annual energy saving, using same operating time as stated in example 3,
is:

3,248_000Btu/hr x 1_500 Hrs.
100,000Btu/Therm = 48,000 Therm/yr

At $0.3 per therm, dollar savings would amount to $14,400

OverallFurnaceEfficiency _

The following table summarizes the possible cost and energy savings
by upgrading existing furnace.

ENERGY Annual Gas Savinqs
Btu/hr SAVINGS Gas

Item Saved PERCENT (Therms) Cost

FurnaceRadiationLosses 115,140 70% 4,600 $1,382

ImproveComb. Efficiency 4,651,000 53% 69,000 $20,700

Pre-heatCombustionAir 3,248,000 28% 48,000 $14,400

Total 8,014,140j 121,600 $36,482

Overall Energy Savings = 8_014_140
11,600,00_x 100 = 69%

Note: The foundry industry,in general,is experiencingbetween50
to 60% actual Energy Savings by upgrading their present heat treat
furnaces. Energy calculations in Section Ill of this study are based
on 56% savings.
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Summary

It must be restated that this analysis has been oversimplified to
illustrate the need for improving existing thermal efficiency. The ex-
amples used can be a valuable tool in estimatingpotential savings. A
full heat balanceand thermalanalysisshouldbe made by an expert in this
field before a major conversion is made. The energy savings are there if
product requirements can be adjusted toward that goal.

Economical Evaluation

(a) Replaceexistingburner systemwith a combinationnozzle

mix Burner system - recuperator package with completely

pre-wiredcontrolsystem.(EquipmentCost) ............. $go,o00

(b) Replace conventional refractory lining with 12" thick cer-

amic fiber insulation - material cost .............. $15,000

(c) Labor to install item No. 1"....................... $40,000

(d) Engineeringcosts...................................$i0_000

I, Total.............................................$155,000

Pay Back Period = Capital Investment = . yrs.
Energy SavingsCost

Therefore: Pay Back = $155_000 = 4.25 years
36,482

The above pay back perioddoes not take into accountfuture Cost of
natural gas which could increase as high as 15% per year, or government tax
credits for installation of energy saving devices.

*Installationlabor does not includethe reliningof the furnace. It
is assumed that this labor would be performed by foundry maintenance
personnel and expensed.
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LADLE HEATING Q

General

Ladle Heating is a very necessary requirement in any castmetal
operation, it is a large user of natural gas and is probably the
greatest abuse of gas energy in foundries today. This Section will
examine the requirementsfor upgradingor replacingexistingequipment
for ladle drying and heating, covering the following:

P

• Ladle covers

• Burner efficiencies

• Improved insulation

Formulas, calculations, and graphs have been simplified within the
scope of the project from the normally complex task of calculating heat
transfers, to reflect constant conditions during the process.

To investigate any process in depth it is essential to establish
parameters, calculate the data and plot results on a continuous basis to
establish the limits of the operation and equipment, and identify any

trends. OI

OPERATIONAL DATAFACT SHEET

LADLE PREHEAT DATA

LADLE CAP TONS 1.0 HEAT CYCLES/DAY

LADLE AREA INSIDE IZ SQ FT. LINING THICKNESS 2.5 ins.

COVERED No TYPEOF LINING Firebrick

INSIDETEMP 1560 OF OUTERSHELLTEMP 300OF

AMBIENTTEMP N/A OF

GAS USAGE/HR 550 CU FT, CO2 READING N/A

COMBUSTIONAIR N/A CFM PRESSURE -- WG

PREHEATCYCLETIME 1.0 HRS FLUETEMP -- OF

REFRACTORYK VALUE _ RSVALUE 0.33

BLOWER HP N/A RECUPERATOREFFCY --

FUEL COST/THERM$ 0,3 ANNUAL USE N/A BTU x lO6

NUMBEROF UNITS IN USE i
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GRAPHS_TABLES AND CHARTS

Figure I shows typical relationship of time versus temperature to
fuel inputfor uncoveredand coveredladlesboth with tight fitting and
raised covers.

_oo- J I I t I I _ I I. I
0 _0 _0 60 I0 I00 130 0 _0 40 60

t;_*. |--;*1

Figure No. 1

_/ Temperaturesboth in °C and °F at the inside bottom of the
ladle.

2/ Figures shown are gas flow rates in liters per min. and cubic
feet per hour.

Example of use: Curve is developed for specific ladle size with
measuredgas flow rates.

Read elapse time from intersection of curve with temperature.

For covered ladle at 275 cu. ft/hour _as flow, the time to attain
requiredtemperature850°C, is approximately50 minutes.
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Figure2 Figure 3 _.
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_-r /_ ilOOli

0 liO011

Reference: HotworkMfg. Inc.

Example of use:

Figure 2: Read elapsed time hours at intersectionof temperature
with improved burner graph line; then,

Figure 3: Obtain fuel usage for improved burner by reading up
from elapsed hours to intersectionwith graph line and across to

fuel usage, i
For example: At temperature requirement of 1300°F, read approxi-
mately 0.25 hours (for improved burner) from Figure 2.

Transfer hours (0.25) onto Figure 3 and read approximately 400
cu. ft. fuel used by improved burner.
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Table1

8 --Typical Thermal Properties or Refractory dH_dinsulating Concretes (HIz
IWOD_tiOn$ 4porox. I vol. cement: 3 - 4 vols. adqregate).

Thema I
Fired Heat conductivity, _erfal

J_)gregate. 6_ensity, capacity, B.t.u. per dtf fustvity,
lb. per 6.t.u. per (hr./sq, Ft.) (Sq. _t.
Cub. ft. (Cub. ft.) (de9. F. per hr.}

(deq, F.| per ia._

Vermiculite 35 9 1.2 0.011

Diat_ite SS 14 !.7 0.010

Crushed H.T. tnsu-
iaLing brick 85 21 3.2 0.013

Expandedclay 90 22 3.5 0.013

Crushed firebrick 115 29 6 0.017

ffolochi te 120 31 a .0.021

SIII s,-_ni te 138 33 |0 0.025

C_rborundum ]45 40 50 O.103
CalcimKI bauxite 160 45 12 O.OZZ

Kig_csite 160 45 2Q 0.037

ChrO_e-eagnesltc 16S 37 0 0.013

Fused Ndnesta 170 SO Z4 0,04

Fused alumina 17S SZ 16 0,026

h_le alumina 95 22 0 O.OZ]

(Table 2)
Thermal Conductivity

2100 2400 2600 2800 3000

Maximum Recommended 2100°F 2400°F 2600°F 2800°F 3000°F

Use Temperature (1150°C} (1315°C) (1425°C) (1540°C) (1650°C)

Density (PCF) 12-15 18-22 18-22 16-22 18-22

Thermal Conducti_v,ty -K
(BTU - InJ$.F. - OF - Hr.)

Same k values for these compositions.
600°F 0.26 0.29

", 800°F 0.36 0.35

IO00°F 0.48 0.4141P

1200°F 0.62 0.481400°F 0.77 0.57

1600 ° F 0.93 0.67
4_

._ 1800°F 1.08 0,79 "'k" measurements made at

2000°F 1.24 0.93 Refractories Research Center,

2200°F - 1.10 Ohio State University.
2400°F - 1.30

* Ref. IndustrialInsulationsInc.
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SAMPLECALCULATIONS(EnergyRelated) e

LADLE COVERS:

Heat loss during pre-heat of ladle relates to time in attaining
required temperature measured at the inside bottom of the ladle.

Typical6burner sizes for average ladle capacities of 1 ton (iron)
is 1.0 x 10 Btu/hr. Thereforeenergy savingsfor any capacity ladle
can be pro-rated based on pre-heat time for any size burner.

Example:

Burner size 1" (l.0xlOSBtu/hr)shows a gas flow rate of 275
cu.ft./hr.

The elapsed time to attain 850°C (1560°F) with the tight-cover
ladle, is approximately 50 minutes, reference Figure i.

50
Thus gas usage =_-_x 275,000 = 0.230 x 106 Btu

0

The elapsedtime to attain850 C (1560°F)with a raisedcover ladle
utilizinggas flow rate of 275 cu.ft./hr,is approximately50 minutes,

referenceFigure i. g

Thus gas usage =-_x 275,000 = 0.275 x 106 Btu

The elapsed time to attain 850°C (1560°F)with an open ladle uti-
lizing gas flow rate of 550 cu.ft./hr is approximately60 minutes,
reference Figure i.

60
Thus gas usage =_x 550,000 = 0.55 x 106Btu

Relative savingsfor the alternatearrangementsis:

Item Btu's Changeinenergy

Uncoveredladle 550,000 -O-

Raisedcover ladle 275,000 50.0%

Tightcoverladle 230,000 58.0%
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In quantitiveterms the coveredladle (tight cover) results in gas
usage reductionof:

550,000x 0.58 = 320,000Btu/hr

At $0.3 per them, cost reduction= $0.96/hr

Based on 20 % utilization,8 hours/day, 240 days per year, the
annual cost reductions:

0.96 x 8 x 240 x 0.2 = $370

It should be noted that the example is worked for one ladle only
whereas generally more than one ladle is in use daily. "Also size
of ladle and thereforeburner size will have impact on total possible
savings.

COMBUSTION SYSTEMS

High efficiency burners reduce drying and preheating time which
translatesinto increasedladle utilizationand energy reduction.

Comparison between a conventional burner (high intensity) and a
high efficiencyburner is shown in Figure2 and Figure 3.

Example: Time required to raise ladle refractory to 1300°F is 1
hour, using conventionalburner.

Indicated time for improved burner with high efficiency character-
istics, is shown on Figure 2 tc be approximately 0.25 hours. With fuel
usage of 1,000 cu. ft. and 400 cu. ft. respectivelyas indicatedon _
Figure 3.

Thus efficiencyimprovementis calculatedfrom

Fuel usage reductionx 100 = percent
Originalfuel usage

i
Therefore: (1_000- 4001 100

1,ooo =6o.o% !

Equivalentenergy reductionfor ladle preheating in previous ex- i!

ample using 230,000Btu/hr,the gas usage reductionis: !i

230,000x 0.60 = 138,000Btu/hr.

At $0.3 per therm, the cost reduction =

138,000Btu/hr x 0.3=$0.414/hr
i00,000Btu/Therm
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Based on 20 % utilization,8 hours/day, 240 days per year, the
annual costreductionis:

$0.414 x 8 x 240 x 0.2 = $160

INSULATION

Ladle insulation and covers increases heating efficiency which
leads to quicker heating and thus less time for losing energy by con-
ductionand radiationthroughthe ladle walls. Improvedwall insul-
ation saves energy in two ways, first by reduction in pre-heat gas
requirements and second by minimizing the metal temperature loss
during the pour, thus loweringthe initial superheatrequired by
the melter and extending the usable pouring period of the ladle
wlth the possibility of reducing scrap castings by pouring less
cold metal.

Example of energy savings by installing 1/2 inch insulation
between the 2 inch refractory and the shell. The heat lost during
ladle preheating is to be calculated and compared to lining without
insulation.

Area of lining 30" dia. x 30" deep = 12 sq. ft.

Heat loss through conventional lining material is calculated from

Q = tl - t2 = Btu/Sq.Ft/hr

R1 + R2

Where R = Thicknessof Linin9
"K" value

tI = hot face temperature(1300°F)

t2 = cold face temperature(200°F)

K = thermal conductivity of lining material from Figure 4 and
Figure 5

Thus Qa (no insulation)= (1300 - 200) 12 sq.ft.
R 1

R1 (high aluminacement)= 2.5 inches _ 2.5 _ 0.42K 6

1100 x 12
Q = 0.42 = 31,400 Btu/hr

Qb (With Insulation)= (1300 - 200) 12
R1 + R2
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2 inches
R1 = = 0.3336

R2 (ceramicfiber) = 0.5 = 0.5 1.72K 0.29=

Note: Ceramic fiber layer assumed to have a mean temperature below
600°F.

Qb = 1100 x 120.333 + 1.72 = 6,400 Btu/hr

Reductionin heat loss = 31,400 - 6,400 = 25,000 Btu/hr

Equivalent to 79.6% savings in energy.

From previous example, net reduction in energy usage is:

31,400 Btu/hr x 0.796 = 25,000 Btu/hr

At $0.3 per therm, cost reduction

25,000 x 0.3
100,000Btu/Therm= $0.075/hr

Based on 20% utilization, 8 hours per day, 240 days per year,
annualenergy cost savings is = 0.075 x 8 x 240 x 0.2 = $28.80/year.

SUMMARY (PROBABLE ENERGY SAVINGS)

The following table summarizes present and probable energy require-
ments for ladle heating as determined in sample calculations if all the
improvements are carried out.

BTU/HR ANNUAL SAVINGS
ITEM SAVED %SAVINGS GASTHERMS COST$

Covers 320,000 58.0 1,233 370

CombustionSystem 138,000 60.0 533 160

Insulation 25,000 79.6 96 30

EQUIPMENTTOTAL 483,000 -° 1,862 $560

Actual overall energy saving between 50% and 60% is considered to
be practical for the majority of ladle heating operations. Additional
savings can be realized if ladle heater utilization is reduced to 15% of
the typical 8 hour shift period.
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ECONOMICEVALUATION 0

ITEM

1. Provideinsulatedcover (materialcost) = $ 500.00

2. Replace burner with 'High Efficiency' unit
withgascontrols = 4,000.00

3. Add insulation to ladle lining
1/2" x 12 sq. ft. (materialcost) = 50.00

4. Labortoinstallcover = 450.00

SUBTOTAL $ 5,000.00

5. 10%Engineeringcost 500.00

TOTAL $ 5,500.00

Capital Investment = years
Payback period = Energy Savings

Thuspayback = _ = 9.8years

Note - installationof insulated lining is assumed to be carried 0
out during normal reline schedule and labor cost is
expensed. The above costs are "order of magnitude" only.

|
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PARTC
COKE FUEL MELTING - CUPOLA

GENERAL

Methods of melting to be analyzed in this section are:

Lined Cold Blast Cupola

Lined Cupola With 500°F Hot Blast

Water Cooled Cupola With 1,000°F Hot Blast

Divided Blast Cupola, Cold Blast

Lined Cupola, Cold Blast With 2-4% Oxygen Enrichment

COKE USAGE

The conventional cupola is a vertical shaft type furnace with
refractory lining and equiped with a windbox and tuyeres for the admis-
sion of air. The sequential material charges, through the stack of the
cupola, comprise alternate layers of metallics and coke with some flux-
es added. The descending fuel replaces that burned from the original
coke bed and maintains the height of this bed.

COKE BED CALCULATIONS

Example

Bed coke height above tuyeres is;

10.5 x sq. root of blast pressure (onces) + 6

Therefore if windbox pressure = 16 onces

Bed coke height = (10.5 x 16) + 6 = 48"

Thus the volume of bed coke required per melt campaign is obtain-
able by reference to Table 1. Consider above example and determine
weight of coke required in initial bed as follows:

Read Table 1, for volume at 16 onz. pressure : 38.5 cu. ft., there-
fore at 30 Ibs/cu. ft., weight of coke = 1155 Ibs.

Additional coke maybe required to be, added to maintain bed height
during initial melt period, to obtain full burning of the bed prior to
the first charge of metal, also for starting the blast. Additional
coke to fill the hearth up to tuyere level, must be made based on
specific cupola design. Total energy required to operate the cupola,
including bed coke and electric power, is to be calculated as shown on
the work sheet as follows:

J
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STANDARDCALCULATIONFORMATFORCUPOLAENERGYDATA i_

Standard48"Lined,Cold-BlastCupola. Q_

Melt rate TPH. 9.0 x 2000 18_000 Ibs/hr.

Metal to Coke ratio 10:1 ,Cokecharged/hr 1,800 Ibs.

CFM Air Reqd. 4,100 @ Blast Pressure 18 ONZ

FanHP......... 50.0

Skip Loader ....... 7.5

Dust Collector ..... 55.0

Misc. Power ....... 5.0

EquivalentBTU/HR 117.5 x .746 x 3412 = 172,878
1.73

Coke Charged/HR.... 1800 LBS/HR

Bed Coke x 1/8 .... 225

EquivalentBTU/HR 2,025 x 12,500 = 25,312,500

TOTAL BTU/HR = 25,713,410

AVERAGEBTU/TONOF METAL CHARGED = 2,831,700

OPERATION OF SPECIAL CUPOLAS

Comparison of current cupola operation with alternate systems, hot
blast type, divided blast or oxygen enriched blast, can be made by
reference to the model energy chart graphs at specific melt rate re-
quirements.

It is assumed that the cupola melt rate, in all cases, is based on
conventional practice prior to improvements.

TABLE 1. BED COKE REQUIREMENTS

NORMAL BED COKE
WINDBOX ABOVE MELT ZONE VOLUME
PRESSURE TUYERES DIAMETER AREA COKE
(OZ) (INCHES) (INCHES) (SGINS) (CU.FT.)

7 28-34 18 254 5.0
12 36-42 23 415 IO.O
14 40-46 32 804 21.4
16 42-48 42 1,385 38.5
18 45-51 48 1,809 53.4
20 47-53 72 4,071 124.9

Assumption:

Densityof Cupola Coke = 30 Ibs/cu.ft.
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TABLE 2. CUPOLA OPERATING CHARACTERISTICS

COKEPER METAL APPROXIMATE
IRON TO TON OF MELT MELTING RATE TEMPERATURE THERMAL

COKE RATIO LB TONS PER HOUR °F EFF., %

12 to 1 167 16.0 2,656 46.7
11 to I 182 15.2 2,672 43.0
10 to 1 200 14.2 2,686 39.5
9 to 1 222 13.1 2,706 36.0
8 to 1 250 12.0 2,730 32.0
7 to 1 286 10.9 2,762 28.4
6 to 1 333 9.8 2,798 27.0

LINED CUPOLA - IRON MELTING

8.0 METAL : COKE
RATIO

A 6:1

7.0 B 8:1
C 10:1

D 12:1

6.0

5.0

© A /'"
O

>K
4.0

z

_.- B

3.0

C f
m

D

2.0

1.0

0 2 4 6 8 10 12
METAL MELTED - T P H

FIGURE 1
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LINED CUPOLA 500°F HOT BLAST

MELTING GRAY IRON

eL0 IMETAL : COKE
RATIO

A 7:1

7,0 B 9:1
C 11:1

D 13:1

6.0

6.0
(D

O

" (Ix
z 4.0 A
O
I.-

3.0

m

C

2.0 D_

1.0

0 2 4 6 8 10 12

METAL MELTED - T P H

FIGURE2 Q
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LININGLESS 1000 F° HOT BLAST CUPOLA

MELTINGGRAYIRON

8.0 METAL : COKE
RATIO

A 6:1

7.0 B 7:1
C 8:1

D g : 1

E 10:1

6.0 F 11:1

G 12:1

H 13:1

5.0

© Ao
,r-

X

z 4.0 BO
I-,

"- C
:3

3.0 D
I-

E
"' F

G.
H

2.0

1.0

J

0 5 10 15 20 25 30

METAL MELTED - T P H

0
FIGURE3
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DIVIDED - BLAST CUPOLA

MELTINGGRAY IRON

8.0 METAL : COKE
RATIO

A 9.3:1

7.0 B 11.0 : 1
C 12.0 : 1

D 13.0:1

E 13.5:1
6.0

5.0

_D
o 4.0
X
Z
O
l--
... A
:_ 3.0
I.-

D E2.0

1.0

0 2 4 6 8 10 12

METAL MELTED - T P H

FIGURE4
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LINED COLD BLAST CUPOLA

WITH OXYGEN ENRICHED BLAST

MELTINGGRAY IRON

5.0 O 2 PERCENT
A 20 - 30

A B 20 - 40

4.0
B

o

_ 2.0
k-

ii1

1.0

I I I I I I i
0 s 10 15 20 2s 30 3s 40

METAL MELTED - T P H

FIGURE 5
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s6 HOTRELATIVE MELT RATE/:OUR FOR 7,000OF .
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CO _ 32
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,_ §PECIALCUPOLAMELTINGCONDITIONS
To obtain increased melting or higher temperature and more ef-

ficient coke usage, refinements to the standard cupola are available.

Blast conditioning, through utilization of recuperative hot blast,
can be provided using the waste heat from the cupola exhaust. Ap-
proximately 60% of cupola effluent gas is utilized as fuel to combine
with combustion air for the liberation of heat in the heat exchanges.

HOT BLAST SYSTEM

Model energy usage in BTU/tonof ironmelted can be determinedby
reference to specific charts and by projecting a point on the graph, at
known metal to coke ratio, from desired melt rate in tons per hour.
(Figure 1).

Value determined from the graph.can be compared to proposed opera-
tion under new conditions of operation, by calculation of actual energy
usage difference for requirements, as per following example.

Example

In the previous example, the metal to coke ratio in a conventional
cupola is 10:1. From Fig. 1, graph line C, the energy required to

melt is 2.85 x 106 BTU/ton. (Includesmelt coke, bed coke and
electrical energy.)

From Figure6, for conditionsof 1,000°Fhot blast, a similarsize
48" diametercupola is indicatedto be capableof melting 14.2 tons/hr.
at 13:1 metal to coke ratio.

Thus readingenergy requiredfor 1,000°Fhot blast cupola at 13:1
metal to coke ratio, from Figure 3, is:

Energy required= 2.20 x 106 BTU/ton

Reduction in energy/ton = (2.85 2.20) 106 BTU/ton = 650,000
BTU/ton

0.65
Which is equivalent to_= 22.8% improvement

.'. Annual energy reduction based on 15,000 tons of metal melted

per year = 650_000Btu/tonmelted
12,500 BTU/Ib. = 52 Ibs coke/ton

At $0.10 per lb, cost reduction = 52 x 15,000 x 0.10 = $78,000 per
_ear

0
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COKETOMETALRATIO(TAPTEMPERATURES) A !
W

The range of sizes and operating recommendations for conventional
cupolas has been developed over a long period of time resulting in
fairly standard data (see TABLE 2). Ratio of metal weight to coke
charged,excludingthe bed coke, determinesthe melt rate and/or tem-
perature of iron as it leaves the cupola. Higher tapping temperatures
involve a penalty in coke usage and melt rate, with conventional de-
signed cupolas.

Example

If metal is to be tapped from a cupola at 2,762°F,calculatethe
energy (coke)penaltycomparedto tap temperatureof 2,686°F. From
table 2, a cupola producing 10.9 tons per hour with iron to coke
ratio of 7:1 for 2,762°F tap temperature,results in approximate
thermalefficiencyof 28.4% at 2,686°F.;the cupola would produce
14.2 tons/hourwith iron to coke ratio of 10:1 and approximate
thermal efficiency of 39.5%.

Thus at 7:1 ratio, coke usage = 286 Ibs/tonmelted

10:1 ratio coke usage = 200 Ibs/tonmelted

Reduction =-'8_ Ibs/tonmelted

.'. Penaltyfor 760F super heat is equivalentto:

86 x 12,500 BTU/lb = 1.075 x 106 BTU/tonmelted Q

At $0.10 per Ib for coke, the cost difference

_ x 0.10 = $8.60 per ton melted

Annual energy reduction based on 15,000 tons per year of metal
melted

= 1.075 x 106 x 15,000= 16,125x 106 BTU

Energy reduction =2_ =
30.0%

Cost savings per year = $8.60 x 15,000 = $129,000

Thermal efficiency improvement = 39.5 - 28.4 = 11.1%

Note- In above example the coke bed height in each case is the
same and does not effect the melting energy difference.

Tap temperature reduction may be impractical without other opera-
tional improvementssuch as insulationof launders,pouringladles,etc.
Controlof productionschedulingis requiredto minimizeholdingperi- !
ods or delayspriorto pour off; also,redesignof gatingto enablelower _
casting pouring temperatures is another requirement.
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2 rows of tuyeres with
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Charge coke %

Reduction of charge coke consumption and increase in melting rate by

operating cupola with two rows of tuyeres with divided-blast supply,,
(Blast rate 1600ft3/min)



Revised energy requirement; divided blast cupola, per ton

:_ = 2.20x 106- 577,500= 1.62x 106BTU

By calculation,the new metal to coke ratio is equivalentto energy
requiredat15.8:1metaltocokeratioorapproximate]y126lbsofcokeperton
of melt.

"yearAnnual energy reductionbased on_15,000tons of melt required per= 577,500 x 15,000 = 8662.5 x IObBTU

Percentenergy reduction= 577,5002.20 x 10_ = 26.2%

Cost reductionfor 15,000 tons per year melt requirement

= 15,000 tons x 46.2 lbs/tonx $O.lO/lb= $6g_OOO/yr.

OXYGEN ENRICHED BLAST SYSTEM

A minimum production rate of 15 tons/day and 3 days per week is
generallyneeded to justify the use of oxygen to gain production in-
crease. Also no major reduction in coke usage occurs above 10 tons per

hour melt rate with 2 - 3% 02 enrichment. Savings at lower production
rates are obtainedas follows:

Ex_unple

Increasedmelting rate and/or tap temperaturecan be obtained by
oxygen enrichment of 2 - 3%.

The total energy required can be read from graph 'A' Fig. 5 for
productionunder 10 tons/hour.

Thus energy at 9 tons/hourmetal melted = 1.85 x 106 BTU/ton

Energyreductioncomparedto say a dividedblast cupola (ref. Fig.
4) with metal to coke ratio of 13.5:1 (graph "E")

2.20 x 106 - 1.85 x 106 = 350,000BTU/ton

Percentsavings= 350_0006 = 16%2.20 x 10

350,000
Cost reduction based on reduction of coke =_tu/]b

= 28 lbs/ton melted at $0.10 per lb, the annual savings in coke

energy for 15,000 tons melted = 15,000 x 28 x 0.10 = $42,000/yr.

OVERALL ENERGY SAVINGS

0 The following table summarizes the possible cost and energy
savingsby improvementsto the cupola operation.
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BTU/TON ENERGY% ANNUAL SAVINGSITEM SAVED IMPROVEMENTCOKETHERflS COST

Tap Temp. Reduction 1,075,000 30.0% 161,250 $ 129,000

Hot Blast System 650,000 22.8% 97,500 78,000 _!

D|vided Blast System 577,000 26.2% 86,625 69,000

Oxygen Enrichment - -
(Not Applicable)

%OTAL 2w3O2,OOO 345,375 $ 276,000

Percentenergy use reduction=_= 80.5%

Originalthermalefficiency(approx.)28.4

Improved thermal efficiency

= Heat in iron (approx.405 BTU/Ib.)x 100 = 810,000x 100 = 50.0%
Gross Energy Input 1.62 x 10b

ECONOMIC EVALUATION

The order of magnitudecost, to implementall improvementsfor the
sample cupola considered,is used to emphasizethe viabilityof large
capital expenditures for energy conservation measures. The payback is
further improved,if full tax creditsare accountedfor and adjustments
made for impact of future energy cost.

Example

Paybackperiod = Capital Investment
Energy Cost Savings/year

.'. Payback= $1,000,000Z/6,000= 3.6 _ears
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COKEVS.ELECTRIC

COMPARATIVEANALYSIS

To determinethe best method, involvesconsiderationof a complex
interrelationshipof specificfoundryneeds,relativeto furnaceopera-
tion. Energy for melting is only one aspect and not necessarilythe
primaryfactor,however, th_s analysisdeals with differencesin costs
of meltingdue to energy only.

Based on calculated cost of energy developed elsewhere in this
study,the cost of potentialheat by alternatemethods is summarizedas
follows:

It= Foundry Coke E]ectric|ty (Ave.)

Cost of Energy $167.50/net ton $ O.0400/KWA

Potentia]Heat

Content 12500 Btu/Ib. 3415 Btu/KWH

Cost per million

Btu $6.70 $ 11.70

Energy for pre-heating,melting and superheating1 ton of cast

iron to 2,700°F.

552 Btu/Ib x 2000 = 1,100,000Btu/ton

Percentof energy requirementfor each phase of the melting cycle
is as follows:

Btu/Ib.

Pre-heat to melt temp. 552 Btu/Ib x 65% = 358.8

Melt to liquidstate 552 Btu/Ib x 22% = 121.4

Super heat to 2,700°F 552 Btu/Ib x 3g = 71.8%

For melting efficienciesof differenttypes of equipmentused for
melting cast iron (see Figure 1.).
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FIGURE 1. MELTINGEFFICIENCIES

The followingTABLE compares the three practicalmelting methods
with respect to energy economics.

II!

ITEM CUPOLA INDUCTION ARC.

Cost to preheat $ 8.01 $ 13.99 $ 11.19
Cost to melt 2.71 4.73 3.79

Cost to superheat 13.74 2.80 6.72

TOTAL _ "_ "_

BTU's required x 106 3.65 1.84 1.85 ;

Example
i'

Cost to pre-neat one ton of metal by cupola to melt temperature; i

Btu required : 35.8 Btu/lbx 2000 Ibs __ 0.72 x 106 = 1.196 106 __.60% Efficiency 0.60 x i.

Cost of energy @ $6.70 /millionBtu = 1.196 x 6.70 = $8.01

i
On the basis of this analysis,the electricinductionfurnaceis

more energy efficient. However, the analysis can be applied to any
combination of melting methods to obtain the most energy cost effective
results (See Figure 2).
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I l 1 I I
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ENERGYCOSTPERTONOF CAST IRON

FIGURE2

Subjectto the practicalfeasibilityof these combinationsand not
accounting for other capital or operating costs, the cupola to induc-
tion furnace approach at $13.52 per ton melted is the least cost. Btu's
requiredby this method based on previouscalculationsare:

Cupola 1.60 x 106

Induction 0.24 x 106

TOTAL 1.84 x 106 Btu/ton

Q
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PART D

C_AS-FIREDCHARGEPREHEATING

GENERAL

Furnace charge preheating, up to 1,000°F for iron, results in
energy and cost reductions of up to 25%.

This section deals with charge preheating by;

• Gas-fired burner units.

• Oxygen assisted burners.

Diagrams and tables indicate typical data and performance for
equipment commercially available. Similar information should be re-
viewed from alternate sources prior to actual energy audit work being
carried out.

Example

Required,scrap preheattemperatureof 1,000°Ffor batches of one

ton size to be chargedto an electricmeltingunit,operating8 hours 6per day, 240 days per year at annual rate of say 3,000 tons of gray
iron.

Increased melt production percentage is obtained by reference to
Figure 1, readingfor 'iron'at 1,000°Fscrap temperature.

@ 1,000°F,resultingincrease= 30%

EquivalentEnerg_Requirements:

Natural Gas-Fired Unit:

@ 1,000°F= 600 cu. ft/ton = 600,000 Btu (fromTable 1)

Thus: Cost @ $O.3/Thermx 6 Therms = $1.80/ton

ElectricalEnerg_ Usage Reduction

@ 1,000°F= 117 kW/ton (from Table 1)

Thus: Cost @ $0.042 per kW = $4.91/ton

Net cost savings = (4.91 - 1.80) = $3.11 per ton

Annual cost reduction = 3,000 x 3.11 = $9,330
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FIGURE 1. INCREASED MELT PRODUCTION

TABLE 1

Furnace Charge Preheating Energy Comparison for Arc and Induction Meltl,ng
of Iron, Aluminum and Brass

Efficiency Basis: Induclion Furnace @ 70%/Fuel (Gas, Propane, Oil @ 47% to 93%, depending on Temperature).

r,,,mm KW Usage _ Ton V;,_,_;;_Usage pet TOIt/CF VRItalMIUsage per Ton/Gal. ; Venetia Usage per Tcm/G_.
Trap. a F. Cold MaN Natural Gas Propane #1 or #2 Fuel OU

@ 1000 BTU/Cu. FL _ 91,735 BTU/Gal. (_ 1311,_ BTU/Gal.
Iron Alum. Brass Iron Alum. Brass Iron Alum. Brass Iron Alum. 8rass

500 50 101 44 150 256 105 1.64 2.0 1.14 '.1 1,9 .0
600 70 121 53 216 365 151 2*4 4,0 1.65 1.6 2.6 1.1
700 82 141 62 276 469 193 3.0 5.0 2.1 2.0 3-4 1.4

800 94 181 70 372 640 261 4.1 7.0 2.8 2.7 4.6 1.0
900 106 181 79 480 808 332 5.2 8.8 3.8 3.5 _9 2.4

1000 117 201 89 600 1012 417 6.5 11.0 4.5 4.3 73 3.0
1100 129 792 86 5.7
1200 141 1008 11.0 7.3
1300 152 1320 1444 9.6
1400 164 1680 1B.3 12.2
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OXYGEN-FUEL ASSISTED MELTING

Oxy-fuel assisted melting involves supplying additional heat _
energy during melt down by introducing oxygen as a fuel to supplement or
replace the electrical power input to the furnace. Oxy-fuel assisted
melting practice has been applied successfully to most nonferrous and
ferrous metals with the exception of brass which exhibits high zinc
loss. Suitable stoichiometric firing rates are chosen for each metal to
minimize oxidation.

Note: Wellman Alloys Limited of England used oxy-fuel (pro-
pane) burner - melting rate increased by 80% - energy savings
in excess of 15%.

Example

Data based on various induction furnaces incorporating oxy-fuel
indicates average of 26% improvement in power input, reference Table 2.

TABLE 2. OXY-FUEL ASSISTED MELTING IN INDUCTION FURNACES

Data Obtilnld From Vodou| lnductJon Furnacee MeH Oewn Time Furnace Electrical Malting Rotel_
Ih¢orporellnp OJ[y-Fuel Tip Io Tap_ MI_. Power Inpu_ kwhf_oll, |o_ht

Furnace Furnace g tu,'tcm In,prove- Improve- |mFfpe-
Case CspscJt7 Rating Mmtedaf x 1CM meal, men_ rnen_
NO. Ton (kG) k: MaNed Fuel (k_vh/ton) Normll Assisted % Normal Aeeleted % Normal Aeelsted %

I .3 200 O.ctife Propane .778 73 $1 30 897 628 30 .244 .384 44
(305) kon (2271

2 .S 150 NI Cr Propane .SO 150 95 36 1040 720 31 ,20 ,316 54

3 1.0 300 Carbon Propane .3175 150 105 30 815 080 I? .42 .eO 43
(10181 SIHI 1931

4" 1.0 300 NICe Propane .lt2S 164 g7 47 863 SO0 42 .328 .812 80
(t018) A_loy (183)

• 1,0 600 H_Cr Butane .892 90 60 90 73_ _ 14 .(MB .80 gl
(sots) _oy (173)

0 9,0 (K)0 Alloy NIL Gel ._K)3 178 13_ 23 778 810 _ .it7 1.0 48
12C_41 Steer 1147)

• 3.6 I_Q Grey Propane .730 190 125 34 770 825 32 .902 .078 54
13084) iron 1314)

• 3.0 800 Grey Propane .2_? 08 77 34 580 471 lg .840 1.364 02
t"JO_) iron 187)

eCJklbQ4: F_ Ure$ mad It esult I are lot Flat*BSUPonly, Average 34,8 Avore0e 26 Averego 48_
_urlesy Wellms,_ Alloys Ltd.. Ambls_ote. Improv_ ImprovlP Imltrovo-
StoutGrl0ge. West M_01inds, [mOlend. meat meat meal

Extracted from Foundry M & T MPS - March 1978
by J. Allread / Grede Foundries,Milwaukee
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0 Example
Alloy steel melted in 2.0 ton capacity, 600 kW rating furnace in-

dicated 32% power reduction:

778 - 610
Power improvement= 778 = 22.0%

Reductionin electricity= 168 kWH/ton
= 573,200Btu/ton

Electriccost reduction@ $0.042/kW--168 x 0.042

= $7.05/ton

Added NaturalGas usage = 0.503 x 106 Btu/ton

0.503 x 106
Therms = 100,000Btu/Therms

NaturalGas cost addition@ $O.3/Therms= $1.51/ton

Annual cost reductionbased on 3,000 tons melted per year
= (7.05 - 1.51) 3,000 : $16_660.

SUMMARY

BTU/TON THERMAL ANNUAL SAVINGS
ITEM SAVED EFFICIENCY THERMS COST

CHARGE PREHEATER (200,000) - (6,000) $ 9,330

OXY-FUEL ASSIST. 70,000 - 2,100 16,600

TOTAL (130,000) - (3,900) $ 25,930

ECONOMI C EVAL UATION

1. Charge preheater I ton capacity
to operate at 1,000°F. $55,000

2. Oxy-fuelburnersystem. 23,000

3. Installationat25% 20,000

Subtotal $98,000
4. 10%Engineering 9,800

Total $107,800

Capital Expenditure
I Paybackperiod = Cost Reduction/Yr. = Years

Payback = 107_800
25,930 = 4.15 Years



PART E

ENERGYSAVINGCHECKLIST 0

Many energy saving opportunities exist in all foundries that can be in-

stituted immediately with out requiring large capital equipment invest-

ments. The checklistthat followspresentsthese no cost/lowcost energy

saving ideas together with suggestion modifications and changes that will

require medium to major captial investements:

INFILTRATION /_/_?_ COMMENTS

Infiltration--Infiltration of cold air into the

plant through cracks, openings, gaps around doors
and windows, etc., increases the building's heat
load and may be responsible for 20 to 25 percent of
the yearly space-heating energy consumption. This
waste can be eliminated, and an additional saving
in heating realized, by taking the following steps:

I. Replace broken or cracked window panes.
--2. Caulk cracks around window and door frames.
--3.Weatherstripwindowsanddoors. _ :
Z4. Close windows while the building is being

heated. !5. Check sealinggaskets and latchesfor all op-
-- erable windows to see that they are working

properly.
6. Close all rolling-type doors when they are

not being used.
7. Eliminate unnecessary windows and skylights.

Heating, Ventilating, and Air-Conditioning (HVAC)
Systems--HVAC systems have a significant impact on
the plant'stotalenergy consumption. These chang-
es in operational routine can cut HVAC energy use 5
to 15 percent:

1. Establish minimum temperature levels for the
-- heating season and maximum levels for the

cooling season. Establishing these levels i
requires consideration of occupied and un-
occupiedperiods.

2. Repair or replace all damaged or defective
thermostatsor controlequipment;calibrate
as necessary.

3. Mount thermostatson insidewalls and columns
-- only.
4. Lockallthermostatstopreventunauthorized i

-- personnelfromtamperingwiththem.
5. Eliminatethe use of mechanical coolingwhen

-- the plant is unoccupied. Turn off heat or
maintain a 50 F minimum in unoccupied areas.

6. Inspect all outside air dampers to ensure
i that they establish an air-tight fit when

closed.
7. Establishstartup and shutoff times for HVAC

systems.
8. Shut off or adjust HVAC systems during week-J

ends and holidays.
9. Minimize outdoor air intake.

R _ G []
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Makeup-AirUnits--Wheneverair must be heated, in-
efficiencies are probable. The following modifi-
cations to makeup-air units can help conserve
energy:

I. Adjust burners for proper flame patterns.
2. Clean burner nozzles periodically to remove

mineral deposits and corrosion buildup.
3. Observe the fire when the unit shuts down. A

fire that does not cut off immediatelycould
indicate a faulty control valve. Repair or
replace the control valve as necessary.

4. Keep all heat-exchanger surfaces clean.
5. Inspect casings for air leaks. Seal them as

necessary.
6. Clean or replace air filters regularly.

--7. Keep fan blades clean.

8. Inspect and lubricate motor bearing regu-
larly.

9. Inspect fan inlets and discharge screens to
keep them free of dirt and debris at all
times.

Insulation--Transmission heat losses and gains
through walls, glass, roof, floor, etc., can be
controlled with adequate insulation. The savings
depend on the loss reductions achieved. A 5 to 10
percent saving is possible.

Lighting--Lighting represents a major portion of

O electricalenergyuse. A reasonableeffort shouldil be made to use only the amountof lightingneces-
sary for safety and efficiency. Taking the follow-
ing steps could lower plant electrical energy con-
sumption approximately 5 to 15 percent:
1. Use daylight for illuminationwhen possible.

Turn off lights when sufficient daylight is
available.

2. Turn off lights at night and in unoccupied
areas during the day.

3. Install simple timers on light switches
throughout the plant, including in offices.

4. Keep lighting equipment clean and in good
working order.

5. Replace burned out or darkened lamps and
clean all fixtures.

6. Increase the light-reflective quality of
walls and ceilingswith light colors. Such
improvementsmay permit additional lighting
reductions.

Boilers--In any boiler operation, the main source
of energywaste is inefficientcombustion. A 10 to
25 percent energy saving is possible by reularly
following these simple checks and guidelines:

1. Inspect boilers for scale deposits.
2. Keep all heat-transfer surfaces as clean as

possible to reduce temperature differences.
3. Follow the boiler manufacturer's recommen-

dations.
4. Follow the feedwater treatment and blowdown

proceduresrecommendedby the supplier. This
measure will save fuel by minimizing scale
formation.

O 5. Inspectdoor seals and other seal gaskets.Leaking gaskets waste fuel; doors may be de-
formed.

6. Check boiler stack temperature. If it is too
high (more than 150 to 200 deg F above steam
temperature),clean the tubes and adjust the
burner.
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7. Adjust the burnerso that the stacks are free
of haze.

8. Collect and analyze flue gas samples regu-
-- larly to determine if combustion is effi-

cient.

9. Minimize the amount of excess air supplied
for combustion.

10. Operateonly one boiler unlessit cannot sup-
ply the load.

11. Prevent short-cyclefiring.

Steam Lines and Traps--Whethersmall or large, the
leaks in steam piping,fittings, valves, and traps
add up and can waste large amounts of energy. A
detailed survey of a11 such piping should be made
weekly or monthlyand the following steps shouldbe
taken:

1. Repair or replace defective or missing in-
sulation.

2. Inspect steam traps and replace those that
-- are worn, inoperative, or improperly sized.

3. Inspect pressure-reducing and regulating
-- valves and their relatedequipment. Adjust,

repair,or replaceas necessary.
4. Check pressure gauges and thermometers for

recording accuracy.

Fans, Pumps, and Motors--Proper maintenance of
fans, pumps, and motors can significantly improve
their operationalefficiency. The following steps
can save energy at almost no cost:

Fans:
I. Clean the blades.

--2. Inspectand lubricatebearings regularly.
--3. Inspectbelts for proper tension.
4. Keep inlet and dischargescreensfree of dirt

and debris.
Pumps:
1. Check packings for wear. Bad packings waste

water and erode the shaft.

2. Inspectbearingsand belts regularly.
Motors:

1. Keep motors clean.
2. Preventovervoltageand undervoltage.
3. Eliminate excessive vibration.

_4. Correct loose connections, bad contacts,
belts, pulleys,bearings, etc.

5. Check for overheating and provide adequate
ventilation.

6. Prevent imbalance in power phase sources.
This condition can cause inefficientmotor
operation.

DomesticHot and Cold Water--Followingthese guide-
lines can maximizethe efficiencyof domestic water
use:

1. Inspect the water supply system and repair
leaks,especiallyfaucet leaks.

2. Inspectinsulationon storagetanks and pip-
ing. Repair as needed.

3. Turn off the pump when the building is un-
occupied, if hot water is distributed by
forced circulation.

4. Inspect and test hot-water controls. Reg-
ulate, repair,or replaceas necessary.

5. Disconnectall refrigeratedwater fountains,
if acceptableto building occupants.
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_1. installeither solenoidvalves or remote op-
erated valves on assembly llne air mains to
eliminatenormal or accidentalair leaksdur-
ing non-operatinghours.

2. Avoid utilizing expensive city water for a
once through compressorcooling system. In-
stead, investigate recycling cooling water
through a cooling tower.

3. Investigate utilizing waste air compressor
aftercooler cooling water (95-115°F.) as
boiler make up. This both saves the energy
that would be required to heat city water
from 55° to 95° and reduces the waste water

discharged to city sewers with a resultant
sewer charge reduction. As a rule of thumb,
this will result in a 2 gallon fuel oil
saving per 1000 gallonsof make up water.

_._4. Install solenoid valves on all machine air
supply lines to limit air use to actual ma-
chine operating periods.

5. If largequantitiesof lowpressurecompressed
air are required, consider installinga sep-
arate low pressurecompressorrather than re-
ducing from the main plant supply.

6. Be sure the compressed air intake is in a
cool location. Every 5°F. drop in intake air
temperatureresults in a 1% increasein com-
pressed air volume for the same compressor
horsepower requirements.

7. Extra air receivers at points of high peri-
odic air demand may permit operationwithout
extra air compressorcapacity.

8. Keep compressorvalves in good conditionfor
maximum efficiency (worn valves can easily
reducecompressorefficiency50%). Many com-
pressor manufacturers recommend removal and
inspectionevery 6 months.

9. Match compressor pressure to actual systemm

requirements. Operating a compressed air
system at higher than requiered pressure re,
sults in higher compressor maintenance and
reducedefficiency,as well as increasedop-
erating costs. Most air tools are designed
to operatewith go PSI at the tool. Higher
pressures result in increased maintenance
and shortertool lifeexpectancy. Typically,
a 10% increase in pressure will reduce tool
life about 14%.

10. Size air hoses for minimal pressure drop to
air tools. For instance,a tool designed to
operateon gO PSI will operateon 80 PSI, but
at a 15% reduction in production.

11. Consider the installationof double acting
water cooled piston co_4)ressorsrather than
rotary screw compressors if the compressor
will be operating at partial load much of the
time. A double acting water cooled piston
compressorrequiresas littleas 5-7% of full
load horsepowerwhen unloaded,while a rotary
screw compressorcan require as much as 60-
75%of full load horsepower when unloaded.

I
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12. Locate and repair all piping leaks. Typ-
-- ically, many manufacturing plants lose about

10% of their compressed air through leaks,
usually from loose pipe fittings, valve pack-
ing, shut off valves, worn out filters-reg-
ulators-lubricators, quick couplers, and un-
used air tools. A 1/16" leak can waste 6.5
cfm, and in addition to wasting compressor *
horsepower, will cost @ $8.00 per month. The
hundreds of leaks in many industrial air
systems can represent a tremendous energy
waste.

13. Be careful to size compressor capacity fairly
-- closely to load, since a compressor's effi-

ciency is highestat full load.
14. Consider the installation of several smaller

-- compressors rather than one large unit.
Sequential operation will enable each com-
pressor to operate at full load.

15. Prohibit all use of compressed air operated
-- fans or compressed air hoses for personal

cooling.
16. Remember that it requires about I horsepower

-- to produce 5 CFM @ 100 PSI while a 1 horse-
power vane type air motor requires about 25
CFM @ 90 PSI. Investigate replacing high
usage air motors with electric motors where
practical.

17. Consider using solenoid valves to cycle punch

-- pressblowoffnozzlesforonlya shortin- Q _m

terval. Many blow off nozzles have a I/8"
orifice and, if operated continuously,will
consume about 25 CFM @ 100 PSI (the equiva-
lent of 5 HP compressor).

18. Consider reducingthe operating speed/pres-
-- sure on air operated paint pumps and paint

agitators during off-shift hours. Depending on
pigmentation and metallic content itmay even be
possible to stop all agitation or circulationof
some enamelsor lacquers duringoff hours.

19. In addition to poor partial load mechanical
efficiency,inductiontype compressormotors
have extremely poor power factors at reduced
outputs. For instance, a 250 HP induction
motor has a .87 PF at full load and a .55 PF
at 1/4 load. Significantlow load operation
can drastically raise utility power factor
charges.

20. For highest efficiency,be sure air tools are
kept in good repair and are not excessively
worn. For instance, a sand blast nozzle worn
from 5/16" to a new diameter of 3/8" would
consume an additional65-70 CFM.

21. Minimize low load compressor operation. If
air demand is less than 50% of compressor
capacity, consider converting smaller com-
pressors from constant speed operation to
start/stopoperation.

22. Install timers on desiccant type compressed
air dryers to match dryec recharging cycles
to actual system requirements.

23. Match compressor operation to building
hours. A time switch can permit close con-
trol of compressorhours and permit shut down
of high unloaded horsepower compressors
during meal breaks or shift changes.

01
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COMMENTS
WeldingOperations
i. Investigate converting heating equipment

fuel from acetylene,naturalgas, or propane
to methylacetyIene propadiene, stabilized
(MAPP). This gas may reuslt in the improved
performance, higher cutting speeds and re-
duced oxygen consumption.

__2. If product design is applicable, consider
utilizing seam welding (RSEW) instead of
coated electrode metal arc welding (SMAW),
metal]ic inert-gas welding (GMAW), or sub-
merged arc welding (SAW). Since high fre-
quency seam welding only heats the actual
welding zone, distortion is minimized. The
process is also less energy intensive than
most other applicable welding processes.

3. Consider utilizing electronic precipitators
to "scrub" welding exhaust fumes and thereby
eliminate building exhaust with its atten-
dant heat loss.

4. InstaI] solenoid valves on welder or water
cooled torch supply lines to limit cooling
water flow to actual welder operating
periods.

5. Consider the installationof smoke detectors
to control welding exhaustfans.

6. Investigate inerta welding for uniform tub-
ular or solid sections and similar shapes.
Inerta welding can often replace alternative
welding methods with their related pre-
paratory machining operation.

O __7. Investigate using bag type dust collec-tors/filtersto reduce building exhaust.
8. If welding shop workload varies widely, in-

vestigate ordering any new transformertype
welders with built-in power factor cor-
recting capacitors.

9. If oxy-acetylenewelding/cuttingtorches are
frequentlyused throughoutthe day, consider
installing weight actuated automatic torch
valves. This should help insure that an un-
used torch is turned off when it is hung up.

10. Investigate the installation of automatic
cutting torches, which normally operate at
maximum speed, thus yielding maximumcutting
for minimum gas consumption. Their cutting
speed and accuracy can often replace more
energy intensive alternative manufacturing
methods.

11. Be sure gas weldingequipmentconnectionsand
hoses are tight. Leaks both waste expensive
gas and are fire hazards.

12. Investigate using high frequency induction
heating for brazing operations instead of
hand-heldtorch or a furnace.

13. Consider operating automatic cutting torches
on natural gas or propane instead of acet-
ylene. Acetylene has a higher flame tem-
perature than normally required for steel
cutting.

14. Consider using hot air insteadof directgas
flame soldering torches. Since hot air is
supplied at lower temperatures,it conserves
energy and improves product apperance, as
well as reducing fire hazards.

15. Replacecontinuouspilot lightsfor gas weld-

Q ing torches with conventionalflint light-
ers.
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16. Be careful to avoid over-welding, either
during design or manufacture.

17. Use flame gouginginsteadof chipping hammers
-- to remove tack welds, full welds, defects,

blow holes, or sand inclusions.

18. Consider using flame deseaming or scarfing
insteadof chipping hammersto remove cracks,
seams, scabs, and crowsfeet. Hot scarfing
can clean up forgings withoutthe cooling and
reheating required by chipping.

19. In general, transformertype arc weldersare
more energy efficient than motor-generator
welders. At full rated load, transformer
type welderswill consumeslightly less power
than a comparablemotor-generatorwelder. At
partial or no load, however,motor generator
efficiency and power factor drop appreci-
ably.

20. Motor generator welders are valuable where
-- ripple-freeDC is requiredfrom single phase

power. A transformer-rectifierwelder can-
not normally deliver well filtered DC from
single phase power.

21. Investigate "stack cutting" with automatic
-- cutting torches. In many cases, a thicker

cut uses proportionately less oxygen per
piece than a thinner cut. Cutting accuracy
is a maximum below 2" total thickness and

graduallydeterioratesuntil the normal max-
imum cuttingthickness of 6" is attained.

22. Shut down transformer type and motor-gen-
eratorarc welderswhen not in use and during
breaks and lunch. Savings will be minimal
with transformertype weldersbut will become
increasinglysignificantwhen motor-genera-
tor welders are stopped.

23. Be sure unused automatic torches are turnedm

off when not in use. Avoid excessive idle
time.

Process and Manufacturing Operations
1. Evaluate all machine tool purchasescareful-

ly for operating efficiency. In some cases,
an alternativemanufacturingmethod may re-
sult in lower energy usage per piece.

2. Consider installingelectrostaticprecipita-
tors to minimize dust or particle exhaust,
such as from welding operations.

3. Investigate installing smoke detectors to
operate exhaust fans.

m4. Interlockprocessventilationequipment with
the equipment it serves.

5. Replace simplex or duplex steam pumps with
motor driven pumps where feasible.

6. Install timers on punch presses, press
brakes, and hydraulic pressses to shut down
equipment if left idlingfor more than 10-12
minutes.

7. Install solenoid valves on all machine air
supply lines to limit air use to machine op-
erating periods.

8. Investigate using mechanical methods, such
as a cam or solenoid to eject punch press
parts insteadof using compressedair.

g. Installeither automatic doors or insulated
flaps on conveyor type heat treating ovens to
reduce heat loss.
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10. Install solenoid valves on a11 water cooled
equipment water lines to minimize water leak-
age.

11. Redesign processes to eliminate process ex-
haust ventilation.

12. Investigate the installation of reflecting
shielding or thermal barriers around heat
treating equipment to minimize cooling load
on adjacent areas, particularly in metallur-
gical laboratories.

13. All water pumping equipment will have to op-
erate at less than full design flow, consider
the installation of variable speed pumps to
minimize reduced flow power consumption.

14. Avoid severely oversizing production equip-
ment. An oversized tool is normally heavier
and requires more power than-a smaller, cor-
rectly sized tool.

15. Operate air tools on correct pressure. Most
air tools are designed to operate on 90 PSI.
Tool operation on lower pressures reduces
output, while only a 10 pound pressure in-
crease results in a 14% tool life expectancy
reduction.

16. Meter unusual gas or process chemical re-
quirements. "Billing" a department for
actual consumption can often result in phe-
nomonalconsumptionreductions.

17. Modify producttest or analysisproceduresto

'_e avoidhigh energyconsumptiontests. For in-stance, minimize test time on engine operated
equipment.

18. Investigate the feasibility of operating
production machinery at 100% load for one
shift rather than at partial load for two
shifts. For instance, careful scheduling of
vapor degreaseropeationmay permitfull load
operation for fewer hours.

19. Attempt to reduce machine idle time as much
as feasible to maintain high power factors.

20. Assign specific plant personnel to be sure
a11 productionequipment is shut down after
shift and during breaks and lunch.

21. Operate melt furnace exhausts only during
furnace charging or fluxing if feasible.

22. Shut down process ventilation,building ex-
haust, and dust collectionduring breaks and
lunch.

23. If heat treating ovens are not required for
-- immediateuse, energycan be savedby re-

verting to a reduced temperaturecondition.
Investigateconstructinga cool down/reheat
time chart for various furnace temperature.
This will enable operating personnel to
easily reduce furnace temperatures and still
be able to have the furnace up to heat by the
desired time.

24. Consider operating heat treating ovens 24
hours/dayto make maximum usage of energy.

25. Use fixed cycle times for heat treating/an-
nealing operations. Many actual oven times
are far longerthan actuallyrequired,with a
resultingenergy waste.

LQ 26. Operatechip conveyors only when needed, notcontinuously.
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27. Avoid partial heat treating furnace loads.

28. Shift or combine operationsfor both reduced
building hours and improved machine utili-
zation.

29. Minimize leaks and overflow from heated pro-
cess tanks.

Material Handling and TransportationSystems
I. Install "bump through" doors in fork lift

areas to reduce open door time.
2. Install a flexible covering, such as rubber

or canvas strip,over scrap conveyor openings
in building walls.

3. Shroudsshould be used in all dock doorswhen
possible. Investigateusing air curtainfans
if shrouds are not available.

4. Investigate installationof "air pallets".
In some cases, they can offer energy reduc-
tions compared to lift trucks, particularly
where an oddly shaped work piece must be
moved short distances at slow speeds.

5. Be sure fork lift air cleaners are clean.
Some high dust locationsmay require centri-
fugal pre-cleanersto prolongfilter element
life.

6. Be sure to purchase fork lift fuel that meets
the manufacturers standards. Bargain fuel
can actually reduce operatingefficiency.

l. In a large operation, consider the instal-
lationof two-wayradio equipmenton material
handling equipment to reduce the number of
empty return trips. Try to schedule several
moves for fork lifts in an area to maximize
productivity.

8. Consider purchasing diesel fueled fork
lifts. Their reduced fuel consumption and
lower maintenance should result in substan-

tial savingsover gasoline or propane lifts.

9. Investigate replacing internal combustion
fork liftswith electricfork lifts. Inmany
cases, operating costs (and energy consump-
tion) will be lower. In some cases main-
tenace costs may drop up to 30%. Electric
trucksalso have lowerdowntime, are non-pol-
luting,and are quieter.

10. Consider installingelectricalhoists rather
than air operated hoists since a "i horse-
power" air hoist requires about 5 compressor
horsepower,while a "i horsepower"electric
hoist requires only 1 horsepower.

11. Replace old, out-moded (and inefficient)
motor-generator electric fork lift battery
chargers with new, solid state, power factor
correctedhigh efficiency batterychargers.

12. Avoid pushing lgads. Thoughthis only wastes
fuel and wears clutches with an engine op-
erated truck, it can severely damage a bat-
tery operated lift truck's drive motor.

13. Install overspeed governors on all internal
combustionmaterial handlingequipment, par-
ticularly fork lifts, to eliminate embolyee
hot rodding.

14. Investigatefork liftrecordsor contactman-
ufacturers to discover the best fork lift
fuel consumption. Log all machine fuel to
determine operator errors or machine deter-
ioration.
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llS" Be careful not to overfill fork lift fuel
tanks. Spilled gasoline or diesel fuel or
vented LPG is both wasteful and hazardous.

16. If a light load has to be moved a short dis-
tance, use a hand truck rather than a fork
lift. Be sure fork lifts areused for ma-
terial handling, not personal transpor-
tation.

17. Be sure pneumatic fork lift tires are pro-
perly inflated. Underinflationboth damages
tires and wastes fuel.

18. Avoid using a far larger fork lift then re-
quired. For instance,use a 2000 pound lift
to maneuver oil barrels rather than a 6000
pound lift.

__19. Avoid excessive fork lift idling. Start a
lift only when there is work tp be done - and
stop it as soon as it is con_oleted.

20. Avoid making a habit of using a drastically
oversizedcrane for a drasticallyundersized
load. If a machine frequently requires a
crane to load small work pieces,consider in-
stalling a small Jib crane with an electric
h_ist. This both frees up the main crane for
heavier jobs and saves energy.

21. Install automatic timers to shut down crane
motor generators if no crane moves are made
within ten minutes.

Paint Line Operations

O I. Consider use of airless spray instead of air1 spray paint application. While it requires
about g.5 HP to atomize 1 GPM using air
spray, it only requires about 1.3 HP to
atomize I GPM using airless spray. Airless
spray is particularlysuited to large, heavy
work pieces that must be painted with one
coat, in place, such as heavy construction
equipment, barges, structural steel, or
railroad cars.

2. Since natural gas is a decreasing resource,
investigate the applicability of ultra-
violet cured metal finishes to your product.
Frequently,product redesignmay enable the
use of ultra-violetpost coatingor may per-
mit using pre-coated cull stock. In many
cases, coil coating uses only about 20% of
the energy requiredfor post painting.

3. Consider installationof direct fired paint
ovens instead of indirect fired. The heat
transfercoefficientfor dirct fired is about
97% versus 60_ for indirectfired, with com-
parable differencesin fuel consun_otion.

___4. Investigateconversion to water base paint-
ing materials. Water base usually cuts
energy consumption by reducing spray booth
air flow, oven exhaust, air makeup require-
ments, and oven times. In some cases,
finishing lines have reudced total natural
gas consumption up to 45%,

IS. Research is currently being done to develop
low temperature cure and air dry waterbase
coatings. Current future forecasts often
predict water base may accountfor up to 60%

of the industrialfinishingmarket by 1985.6. Consider utilizing gas fired washer combus-
tion products to provide heat for dry off
oven. This would be parlcularlyapplicable
to direct fired washers.
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7. If your productconfigurationis applicable,
-- consider convertingto a high intensity in-

fra-redcuring which uses as little as 10% of
the energy required for a comparable gas
fired oven.

__8. Investigateconverting paint ovens to the
"Raw Oven Exhaust Recycle Process". This
system returnspart of the oven exhaustback
to the oven after passing through an incin-
erator.

9. Investigate conversion to airless paint dry-
- ing from conventional oven baking. This

system holdsoven oxygen contentto as low as
I%,with resultingreductionsin oven exhaust
and gas requirements.

10. Reduce spray booth/makeupair temperatureto
-- 65o - 68o.
• 11. Investigate installing electric ovens in-
- stead of gas or oil fired. Higher operating

costs are somewhatreduced by better ten_oer-
ature control, constant one-fuel operation,
and more readily controlable oven at_nos-
phere.

12. Consider insulating the entire paint line
-- parts washerto reduce heat loss. Some plant

operators estimate they have achieved up to
20% fuel reduction in metal pretreatmentop-
erations after insulatingparts washers.

13. If insulatingthe entirewasher is not feasi-
-- ble, investigateinsulatingthe heated por-

tion of the washer.
14. Consider additionalpaint oven wall insul-

-- ation. Doubling the present thickness
(usually only 2") will cut wall losses in
half. Since most paint oven heat is lost
through oven roofs, this portion in partic-
ular should be well insulated.

15. Consider utilizing ambient temperature sol-
- vent flash off if possible. In many casses,

a slightly longer or slower conveyor may be
all that is required.

16. Considerable'heatis lost through oven "air
-- seals", which are generally ineffective.

Consider installationof bottom entry/exit
oven, which better retain heated air within
the oven.

17. Consider installations of oil fired paint
-- ovens instead of gas fired. New oven tech-

nology can minimize paint discoloration and
soot problems if a light, low sulfur (1%),
oilisused.

18. Consider heat recovery equipment, such as
-- "heat pipes", in spray booth and bake oven

stacks. If heat recoveryequipment is used,
a regularmaintenanceprogram is required to
minimize heat lossescaused by paint residue
build up.

19. Consider switchingto low or ambient temper-
ature parts washer cleaners and phosphating
compounds. For instance,iron phosphatesare
now being successfullyused at 100-120=F. in
some applications.

20. Investigatestagingspray booth air flow. If
-- in first section,withpainters work only the

automatic spray equipment in the remaining
zones, the booth air can flow into the first
zone, and be exhausted to the other zones.
In many cases, solvent concentration in the
final zone would still be below the 25% LFL
limit.
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21. Replacing manual spray with automatic paint

spraying machinery may permit a reduction in
spray booth air velocity with a resultant make
up air reduction. Material flammability and
toxicity must be investigated to determine if
any reductions are feasible. This normally
requires approval from insurance inspectors,
fire inspectors, O.S.H.A., and any other ap-
plicable agencies.

22. Investigate using process steam condensate
as heat source for paint line parts washer
tanks.

23. Use a fixed orifice rather than an adjustable
valve to meter water into process or paint
line constant overflow tanks for minimum
flow.

24. Check booth velocitycarefullyto avoid over
exhausting. Consider using electrostatic
spray since this usuallypermits a reduction
of booth velocity of about 40%.

25. Investigateinterlockingpaint line convey-
ors with parts washers and bake ovens.

26. Investigate the feasibility of operating
fume incineratorsat reducedtemperatures.

27. If paint line or process exhausts include
extremly high solvent concentrations, in-
vestigate recovering and re-refining these
otherwise wasted solvents. In some cases,
solvents have been reclaimed at an energy
cost 1/5 - 1/6 the price of new solvent.

28. Be sure plant is not occasionallyunder nega-

O -- rive pressure. Negativepressure can starvegas burners resulting in a fuel rich flame
with excess CO. Negative pressure also re-
sults in increased air infusion through walls
and windows, with resulting cold drafts and
worker complaints.

29. Be sure all stages in a process are really
necessary. In some applications, washer
stages may be eliminated or partially shut
down, as may dry off ovens.

__30. If batch ovens are used, maximize loading and
optimize working hours for highest energy ef-
ficiency. Similarly, minimize warm up time
as much as possible.

31. Because solvents are increasingly scarce and
expensive, consider filtering, distilling,
or otherwise recyclingsolvent.

32. It may be possibleto improvepaint oven heat
transfer by increasing circulating air
velocitiesor volumeand by utilizingheating
system radiantenergy. Improvedheat trans-
fer may permit increasedtravel speeds with
resulting increases in production with lit-
tle or no increase in fuel reuqirements.

33. Sequentiallyshut down ovens at end of shift
or productionrun.

34. Attempt to scheduleall paint line operations
for one shift if feasible.

35. Be sure all gas immersion tubes used for
-- liquid heating are clean (both interior and

exterior) for best heat transfer.
36. Be sure all air filters are kept clean.

Z37. Change paint line conveyor speed and hook
configuation as required with product

O changesto maximizeproductivityand mini-mize oven idle time.

38. Reduce conveyor speed when parts are not
flowingthrough wash or bake ovens.
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